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SYNOPSIS 
This thesis reports on the research undertaken to minimise wastes from overproduction that 
are created to meet demanding due dates imposed by retailers in convenience food 
manufacture. The principle objective of this research is to generate knowledge and generic 
solutions to minimise the environmental impacts of such wastes through effective production 
planning and improved processing and supply chain practices. 
The research contribution is divided into three major parts. The first part reviews the most 
relevant publications and legislation, and categorises the contemporary techniques in supply 
chain management, operations management and production planning. The second part is 
concerned with three novel concepts of (a) identifying, modelling and analysing the various 
types of wastes in food industry (b) the systematic support for the improvement of production 
and supply chain activities through generation of a Responsive Demand Management 
framework, and (c) the realisation of a hybrid two stage planning approach for minimisation 
of overproduction wastes. The final part demonstrates the application of these research 
concepts through a case study for minimisation of overproduction waste within a ready-meal 
manufacturer. 
The hybrid two stage planning approach has been shown to be an effective method by which 
overproduction wastes can be addressed for products with production lead-times that exceed 
order lead-times. The responsive demand management framework is a powerful method for 
the identification and recording of production and supply chain inefficiencies that can be 
utilised to establish a programme of improvements for further waste reduction. 
Classification, modelling and analysis of food industry wastes by this research has provided 
food manufacturing with significant tools to monitor and reduce environmental impacts. The 
case study has effectively demonstrated the applicability of the research concepts in 
significantly reducing overproduction waste. 
In summary, this research has highlighted the environmental and economic impacts of waste 
and has underpinned the paramount importance of establishing sustainable manufacturing 
and supply chain procedures in convenience food sectors. 
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Chapter 1 
INTRODUCTION 
The widely accepted principle of sustainable development is `to meet the needs of today's 
generation without jeopardising the ability of future generations being able to provide for 
themselves'. Environmental considerations are of the utmost importance in all aspects of 
life, and where production and manufacture are concerned it is clear that an environmentally 
responsible attitude in addition to economic acumen is necessary for businesses to remain 
profitable and sustainable in the future. Consumerism has driven manufacture in many 
developed countries to provide for every desire of their ultimate customers, and within the 
food industry this has taken many forms, leading to changes in product quality specifications, 
costs, convenience demands and product availability. This has led to a great diversification 
of the forms and formats of foods including ready-meals, chilled and fresh prepared foods, 
sandwiches, salads, snacks, etc. Many of these demands have been met at the expense of the 
environment, and increasing food production generates greater material, water, energy 
packaging, and transportation wastes that should be minimised to maintain a truly sustainable 
food industry. 
There are wastes associated with each of the major stages through food production and 
supply, with the major forms of waste common to each stage indicated in Figure I. I. One of 
the major sources of waste is overproduction as a result of unrealistic forecasts to meet the 
challenging demands placed by increasingly powerful retailers in this sector. 
OverProduction Wastes (OPW) are those specifically created as a consequence of 
manufacture beginning before confirmed customer demand is known and are often in the 
form of finished products that are scrapped through commercial waste channels. Such wastes 
may be considerable and have been reported to contribute as much as 40% of the total waste 
costs in convenience food manufacturers. 
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In manufacturing generally, creating products to meet confirmed orders may be termed 
Make-To-Order (MTO), while production which creates a reserve of' product from which 
customer orders are met is retierred to as Make-To-Stock (M'fS). In sonic volatile markets it 
is favourable to combine these two approaches in order to benefit from steady production 
rates of MTS and also to provide responsiveness to changes in customer demand using MTO. 
However in applications where the start of manufacturing processes cannot be delayed until 
the orders are confirmed to meet the strict delivery dates, production levels must be based 
upon forecasted data. In such cases the tendency is to base the production levels on 
overestimated values as often the consequences of customer dissatisfaction (e. g. contract 
penalties for late delivery, loss of future orders) is tar more significant than the value of 
waste as a result of overproduction. 
The food industry is predominantly led by retailer or supermarket sales, where large numbers 
of products are held as stock in individual stores for purchase by consumers. The demand for 
the products held varies considerably, and where demand is most volatile the retailers `pull' 
orders in from manufacturers at short notice. The short space of time manufacturers have to 
react to changes in demand would traditionally have been achieved through the application of 
Chapter 1 
a MTS strategy, where large fluctuations in volume were compensated by stock held. In 
most applications food products have an associated `shelf-life', a finite amount of time for 
which they are fit for consumption before spoilage occurs. In some cases a foods shelf-life 
may be very short, and in these cases it is impossible to hold the product as stock without 
incurring large amounts of waste through product spoilage. 
In addition, it has become common for foods bought by customers to have been increasingly 
processed, reducing the amount of effort required by the final consumer in preparation. This 
trend has seen the emergence of ready-meals, prepared meal solutions and other convenience 
foods etc. and has resulted in manufacturers having to undertake longer processing 
operations in preparing foods to meet this market demand. As such, these conditions have 
created a situation where manufacturers have to create products with long preparation times 
in response to erratic demand volatility with only a very short amount of notice before the 
products have to be delivered. Further compounding the problem is the issue of shelf-life, 
which makes it extremely difficult to hold stock to compensate for demand fluctuations. 
The research assertion made in this thesis is that in the rapidly growing food manufacturing 
sector there is a vital need to minimise the waste generated during the supply and 
manufacturing processes and in particular the waste as a result of overproduction. The 
overall aim of this thesis is to analyse the underlying reasons for the generation of waste and 
to investigate a responsive demand management framework to minimise the overproduction 
waste. 
This thesis therefore addresses three major research issues: 
i. The generation of a waste model for the analytical consideration of the causes of 
waste creation due to inefficient operational management 
ii. The realisation of a Responsive Demand Management framework to react to the 
changes in customer demand 
iii. The generation of a novel hybrid two stage production planning approach for 
minimisation of waste as a result of overproduction 
This thesis is divided into the following three sections, background review, theoretical and 
experimental research, and research conclusions as illustrated in Figure 1.2. The background 
review consists of five chapters and provides the context, objectives and scope of the 
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research in addition to an appraisal of the relevant research publications and background 
knowledge to the research. Chapter 1 is the main introduction to the research work and 
presents the layout of the thesis. Chapter 2 outlines the context of the research and also 
contains the research objectives, together with a description of the scope of the research. An 
introduction to the food industry is outlined in the chapter 3, describing market and retailer 
conditions along with product considerations. Chapter 4 reviews the most relevant 
environmental, sustainability and waste minimisation literature, and provides an overview of 
the common tools used when considering waste minimisation projects. Chapter 5 presents a 
survey of the relevant literature in the areas of planning, lean manufacturing, modelling and 
simulation and supply chain management. Chapter 6 is the last in the section and describes 
the research methodology undertaken. 
The theoretical research section comprises three chapters which identify novel contributions 
to research made over the course of the PhD programme. This section commences with 
Chapter 7 which describes the creation of a waste model to be used for analysis of material 
flows and waste generation in food production systems. The research issues involved in the 
development of a structured approach to waste minimisation through convenience food 
manufacture by consideration of manufacturing and supply chin issues are described in 
Chapter 8. Chapter 9 describes the development of a novel two stage scheduling approach to 
address incidences of overproduction arising from order lead-times falling shorter than 
manufacturing lead-times. 
A case study forms the basis of chapter 10, describing the application of the research results 
to a convenience food (ready-meal) manufacturer to illustrate the benefits of both the novel 
scheduling approach and the work undertaken to reduce the impacts of long manufacturing 
lead-times and short order lead-times. 
The final section of the thesis, namely research conclusions consists of two chapters. The 
analysis of a wide range of research issues reported in the thesis from the initial development 
of the responsive demand management approach to its implementation in case study is 
presented in Chapter 11 as the concluding discussions. The summary of the conclusions 
drawn forms the final chapter of the thesis, Chapter 12 providing a list of suggested research 
ideas for the possible continuation of this research. 
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Chapter 2 
The Scope and Context of the Research 
2.1 Introduction 
This chapter describes the scope and context of the research reported in this thesis. The 
opening section describes the research assertion and provides the context in which the 
research is placed. The last two sections identify the aims and objectives of the research, 
together with the specific scope of the work undertaken in meeting each of the objectives. 
2.2 Research Assertion 
The range and number of products being handled and offered by food retailers has 
significantly increased meaning many thousands of products are now available to consumers. 
Products with fresh ingredients, or those that have been prepared and packaged for the 
purpose of being convenient for the consumer typically have short shelf-lives, similarly short 
delivery timescales to store, and short demand notification order lead-times. Such products 
include chilled ready-meals of all varieties, prepared sandwiches and value added products 
for example sliced cooked meats or bagged salads. These products all experience 
considerable demand volatility, and in the cases of ready-meals may include ingredients with 
long manufacturing lead-times. 
This research is targeted at ready-meals which are a type of chilled, value-added convenience 
foods that have a long manufacturing lead-times and typically short order lead-times 
demanded by the retailers. However it may be argued that the same characteristic principles 
may apply in many other applications of food manufacture. 
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In such applications significant waste is generated due to manufacturers overproducing goods 
to meet demand from retailers where a Make-To-Order (MTO) approach is not possible due 
to long manufacturing lead-times and shelf-life constraints conflicting with short order lead- 
times therefore, manufacturers commonly: - 
i) incur the additional costs related to OPW and creating products retailers do not want, 
ii) have to pay for the disposal of the wastes. 
In order to simplify production planning and minimise waste, a MTO approach is preferred 
and in some food production applications this may be achieved by reducing the 
manufacturing lead-time of products, increasing the amount of time that manufacturers have 
to respond to demand notification, or a combination of both. However, if this was not 
possible, then a reactive approach to production planning is required to minimise the wastes 
created by late notification of demand variation. Hence, the research hypothesis made in this 
thesis is the need to improve planning and management of supply chain and production 
activities to enable food manufacturers through the use of appropriate information support 
tools and intelligent planning approaches to minimise waste created due to overproduction to 
meet the challenging demands placed upon them by the retailers. 
Over the course of the research a series of industrial visits were made to validate the research 
hypothesis. During these visits a programme of interviews with production planners and 
managers was undertaken across a range of food industry manufacturers, a report 
summarising these visits may be found in appendix 1. In preparation for these visits a 
bespoke questionnaire was developed outlining the research and requesting information 
regarding production, planning, products, waste and supply chain considerations. The 
outcome of these interviews provided a clearer indication of the industry's position relative 
to the identified shortcomings, and the manner and extent of the overproduction created in 
meeting order fluctuations. The acknowledgement of these research requirements by 
industrialists aided in refining the aim, objective and scope of the research, as outlined 
below. 
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2.3 Research Aims and Objectives 
The overall aim of this research is to minimise production wastes generated in convenience 
food sectors as a result of inappropriate production processing, management of the supply 
chain and inefficient production planning approaches through the generation of: 
(1) A waste model for improved visibility of sources of waste creation in 
convenience food manufacture, 
(2) A framework to support a Responsive approach to Demand Management in 
convenience food manufacture, 
(3) A novel two stage production planning technique for minimisation of 
overproduction waste. 
To achieve the aforementioned research aims, the following objectives have been defined: 
a) To review relevant research work. and the state-of-the-art in production planning, 
waste management and supply chain approaches together with existing industrial 
practices. 
b) To design and specify a waste model for food production based on results of a 
research review and a survey of industrial practices. 
c) To research a novel responsive framework to manage the challenging demands placed 
upon food manufacturers. 
d) To investigate the realisation of two stage reactive planning technique for 
minimisation of OPW in the food industry. 
e) To demonstrate the applicability of the research through a case study. 
2.4 Scope of Research 
The scope of the research is in line with the research objectives and are listed below, a 
description of each follows in sections 2.4.1 to 2.4.6. 
i. Review relevant research work in associated academic fields, 
ii. Design of a waste model for food production, 
iii. Structure a framework for minimisation of OPW in the food industry, 
iv. Realisation of hybrid two stage production planning model, 
v. Demonstrate the validity of the research concept through case study. 
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2.4.1 Review relevant research work in associated academic fields 
In order to effectively place the research within the appropriate academic context, and to take 
advantage of the knowledge provided by the existing research work, an extensive review of 
the literature in the fields of food manufacture, waste minimisation and Operations 
Management will be undertaken. 
2.4.2 Design of a waste model for food production 
Providing a clear, consistent model for the identification of sources of waste creation in the 
food industry will aid the benchmarking, accountability and prioritisation for improvement 
activities needed to make convenience food manufacture sustainable. Overproduction 
Wastes, waste water (from both processing and cleaning), energy efficiencies and general 
production wastes etc. can be better monitored, controlled and improved upon, once they 
have been identified and recorded. The waste model proposed in this research aims to 
effectively summarise the various sources of waste creation and to provide a visualisation for 
convenience food manufacturers that can serve as the starting point for a continued waste 
minimisation programme. In addition this research also investigated the generation of a 
number of waste analysis methods tailored to the bespoke requirement of convenience food 
manufacture. 
2.4.3 Structure a framework for minimisation of overproduction waste in the food industry 
Identification of the production inefficiencies and information flow failures form the basis of 
an improvement framework that sets out to reduce the impact of conflicting manufacturing 
lead-times and order lead-time constraints in convenience food manufacturers. This 
framework provides a structured approach in applying tools and techniques to reduce the 
effects of long manufacturing times and non-value added time; and to improve 
communication and technology application in demand notification. The framework in the 
first place aims to support the move towards a MTO approach where conflicts of 
manufacturing lead-times and order lead-times had previously rendered this impossible 
within the constraints of the product's shelf-life. However, in the cases where such a MTO 
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approach is infeasible due to a variety of practical restrictions a reactive planning approach is 
included in the framework to respond to demand fluctuations. 
2.4.4 Realisation of hybrid two stage production planning model 
By basing production planning initially upon forecasted data, manufacturing activities may 
begin before confirmed order volumes are received. When actual required volumes are 
received it is highly unlikely that they will match the forecast data, particularly in highly 
volatile food sectors. There is therefore a need to re-adjust the production plans to reflect the 
changes required to the initial production plans. These re-adjustments may require additional 
resources to be allocated, or determine a course of action for materials already consigned to 
manufacture that are no longer required. The research aims to investigate a hybrid reactive 
production planning model to take advantage of static scheduling of standard operations 
based on forecast and to re-adjust final production plans based on confirmed orders using a 
dynamic planning approach. Clearly, in such a reactive production planning model, the 
methods for data capture relating to production progress need to be addressed to support the 
real-time planning of final production operations. 
2.4.5 Demonstrate the validity of the research concept through case study 
In order to asses the validity of the research concepts and to highlight the effectiveness of the 
responsive framework and hybrid planning model generated in this research, an industrial 
based case study is to be identified and undertaken. The company involved in this study 
must be sufficiently sized and positioned with the food industry to be facing issues as 
described by the research assertions. The outputs from this study will be examined closely to 
highlight improvements to production methods and reduction in waste levels, and to 
demonstrate the results from the application of the research concepts. 
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Chapter 3 
An Overview of the Food Industry 
3.1 Introduction 
This chapter presents an overview of the issues related to the production management of the 
food industry which, as a manufacturing sector has many peculiarities that set it aside from 
most others. The importance of the industry to its consumers is almost unique, and its supply 
and retail operations are again distinct. This is in part, due to the nature of the products that 
comprise foods, having specific requirements for quality, periods of time before spoilage sets 
in, and hygiene. The immediate factors which contribute to making the food industry so 
distinct are outlined in addition to the considerations that enterprises within the industry face. 
The chapter has been divided into three major sections, namely market considerations, food 
production considerations and major actors in the food supply chain, as outlined in sections 
3.2 to 3.4 below. 
3.2 Market Considerations 
Consumers spent over £57 billion on in-home food consumption in 2004, compared with £44 
billion spent in 1994, over this ten year period however convenience foods have 
demonstrated the highest rise in expenditure- over 40% when inflation is removed (Mintel 
2005-b). This growth of UK spend on food and specifically convenience food is displayed in 
Figure 3.1, a trend which has been described associated to changing consumer time 
pressures, (Warde 1999), increasing `health' concerns (Shiu et al. 2004), and added value for 
consumers (Hollingsworth 2001). 
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Food manufacture involves diverse range of activities, and husincsscs within the 60uu1 
industry may be classified by the products or operations they arc primarily concerned with. 
There are several systems of classification, however many companies opt to describe 
themselves by their own terminology leading to a proliferation of sector descriptions in part 
as each formmal system of categorisation has limited flexibility and in some cases broad 
category descriptions are imposed. For economic and statistical purposes, the food 
processing industry may he defined by the Standard Industrial Classification (SIC) system, 
which has been developed, updated and applied in the UK since 1948. Recent versions 
(since 1992) apply the European Community classification of economic activities entitled 
NACE (Nomenclature genorale des activities cconomiques clan Ies Communautcs 
europeennes) as closely as possible (LJK SIC 2003). Enterprises are allocated to industry 
groups by their `principle product' with each group having distinctly defined boundaries, and 
allow for detailed comparison between food industry sectors. Problems arise when 
considering historical data, due to the change in classifications over the years. The SIC 
system has since been replaced by the North American Industry Classification System 
(NAICS) in the U. S., Canada, and Mexico, the countries which jointly developed the system 
to provide comparable statistics about business activity across the whole of North America 
(NAICS 2002). Strak and Morgan (1995) suggest further categorisation of food 
manufacturers into either first-stage processors (for example producing own-label products 
for retailers) or second-stage processors (manufacturers producing their own branded 
products). They state that "first-stage processors produce undifferentiated products, with the 
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majority of their output being sold to intermediate demand, whereas second-stage processors 
produce differentiated products, the majority of which are sold to final demand". They go 
further to imply that first and second stage processors may adopt different competitive 
strategies, hypothesising that first-stage processors may adopt a bias towards processing 
innovation, and second-stage processors may lean toward product innovations, which the 
author has recognised in some cases, but would not apply as a general rule. These means 
may be useful for broadly pigeonholing and comparing sectors across the board for the 
purpose of statistics and business, but enterprises often differentiate themselves differently, 
with the terms chilled, fresh, prepared, ready-meal, recipe-dish and a host of other terms 
being used by companies within the convenience food sector to suit the manufacturer. 
Specific issues addressed when manufacturing convenience foods, and in particular ready- 
meals are further described below. 
3.2.1 Convenience foods 
Convenience foods as a term describes a wide range of products, ranging from snacks to 
entire meal replacements, and includes many categories that have differing terminology 
across the industry. `Ready To Cook' foods describe those products that have been prepared 
but may still be raw such as portioned or marinated meats, while `Home Meal Replacements' 
(HMR) substitute entire meals. Costa et al. (2001) provide a further categorisation of HMRs 
based upon four classes of convenience and a product's shelf-life, however the term has not 
been widely recognised in the 9 years since its introduction in the UK by ASDA, one of the 
major retailers in the UK. Limited consumer demand has meant that some HMRs have been 
offered hot and chilled from `deli' counters and increasingly as chilled meal bags sold from 
shelf space, saving on space and labour costs (Mintel 2004-a). As such these HMRs differ 
from more established UK products such as ready-meals as they have each meal component 
packaged separately, while ready-meals are typically sold as a single unit. Ready-meals are 
available as chilled, ambient, and frozen products, with ambient meals representing only a 
small proportion (estimated around £165 million in 2004) of the market (Mintel 2004-d), and 
frozen meal sales dropping from £757 million to £719 million in 2003 due to increased price 
competition from the chilled meals sector (Mintel 2004-b). The chilled meals market almost 
doubled between 1999 and 2004, reaching an estimated £1.58 billion in 2004 (Mintel 2004-c) 
while total ready-meal sales were estimated at £2.44 billion, which equates to 14% of the 
total spend on convenience foods in the UK. These are summarised in Figure 3.2. 
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Figure 3.2, Growth of Convenience Food Sectors in the UK (source: Mintel 2005-b) 
Many products have been developed over recent years so as to improve their variety, 
convenience and availability to the consumer. The social implications resulting from these 
developments include many considerations as described by Candel (2001) and Jaeger and 
Meiselman (2003). Warde (1999) outlines the means by which convenience foods have been 
a response not to labour saving but to time compression, and consumers combining their 
activities in the same time-space. Harvey (2000) however outlines convenience measures 
that consumers perceive as adding value, which in terms of products themselves are often 
designed with the significant thought being given to the perceived convenience of the 
product. Retailers have had significant influence as to the extent must be made convenient, 
stipulating the format and material of many forms of packaging so as to present an easily 
available appearance, and prolong shelf-life such as Modified Atmosphere Packaging (Hart 
1997). The extent such convenience measures has on some products is however significant, 
as in extreme cases products which are processed in a way that imparts a long shelf-life, are 
further packaged to improve convenience and the result can significantly reduce the shelf- 
life, and thus flexibility to meet demand fluctuation. 
One of the major issues highlighted is waste generation as a drawback to increased consumer 
convenience, notably the case of increased packaging material wastes for prepared foods 
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discussed in chapter 4, including those arising as a result ot, convenience foul matnutacturu. 
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The initial growth ofthe chilled ready-meal market was based upon convenience factors and 
new product and recipe introduction which has slowed as consumer demand for the range of 
cuisines has stabilised. Figure 3.3 shows that the dominant category of ready-meal has been 
based upon traditional British recipe, The chilled meals have been perceived as the higher 
quality convenience products and as the market for these new products became more stable, 
the reduction in prices of the meals by the introduction Of `value' or Budget Own Brand 
(BOB) sectors has sustained growth by attracting consumers previously deterred by prices 
(Mintel 2004-c) The emergence of such BOB products is in keeping with the market 
becoming increasingly price conscious, with pressure to cut the costs of meals seeing 
increased promotional activity by the retailers such as Buy-one-get-cane-free otters with such 
promotions applying pressure to manufacturers and suppliers to operate more efficiently. 
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3.2.3 Own-label Products 
The retailers have sought to differentiate themselves from their competitors on a basis other 
than price, spending considerable sums in advertising their brand to attract consumer loyalty 
(Bell et al. 1997). Own-label products are those which bear the branding of the retailer, also 
referred to as `retailer branded', as opposed to `private brands' or traditionally established 
products (e. g. tinned beans bearing the retailer's name versus Heinz branded products). The 
UK market for own-label foods is valued at £28.5 billion in retail sales, with virtually all of 
the market growth in the own-label market in the past two years has come from the success 
of the chilled foods sector (Mintel 2005-a). Supermarkets within the UK have strong brand 
names and have developed substantial `own-label' brands in competition with established 
companies in very diverse product sectors. Sectors where retailers have made substantial 
ground in providing `own-label' goods have been the convenience foods, which are 
manufactured for the retailers by independent companies that provide complete processing 
and packaging solutions to deliver retailer-branded goods that are highly convenient for the 
consumer. The retailers are highly involved in the new product development and specify the 
requirements to the independent manufacturers based upon their extensive marketing 
capability. Harvey (2000) describes the nature of food retailing in UK, highlighting 
criticisms including high mark-ups, barriers to innovation and quasi monopolies. The 
differences are evident between those products that are marketed as the companies `own 
brand' and independent manufacturers, in innovation; branded goods producers show 
relatively few, high investment innovations, own-label manufacturers generate up to a 1000 
new products per year each with a short life cycle. This suggests that the independent brands 
which manufacturers produce lead innovation and that copy-cat products from retailers 
follow with less success, hence their short life cycle. 
3.3 Food Production Considerations 
Operational differences inherent to the food industry aside, food products themselves have 
many characteristics that render them considerably different to traditional engineering 
products. This section provides brief treatments of shelf-life, flavour, manufacturing lead- 
times, seasonality, catch-weight, processing and hygiene considerations. 
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3.3.1 Shelf-lives 
Most foods have an expiry date, that is, a period of time after their processing when the 
product will become unfit for consumption, while the length of this time varies considerably 
between foods. Pegg (1999) outlines `the time from production to the point at which the 
quality of the product becomes unacceptable' as the product's shelf-life, however at the same 
time acknowledging that many definitions exist. Manufacturers can calculate this period of 
time with some accuracy however testing methods and approaches vary between foods 
depending upon their type, the fundamental principle being to ensure that pathogen levels 
within the food do not become hazardous within the specified time limit (Singh and 
Cadwallader 2003). There is significant pressure to increase the length of time the product 
should last after sale with this pressure being the driving force behind manufacturers, 
distributors and retailers shortening the lengths of time they hold the product. Consumers 
associate distant expiry dates with fresh produce when shopping and excessively long 
product shelf-lives with overly processed, and therefore inferior quality foods (Humphrey 
1998). Therefore it is desirable for retailers to command as much of the shelf-life of the 
product as possible, and thus in recent years have placed considerable pressure upon 
manufacturers to provide a greater proportion of the products shelf-life to the time after 
delivery to the supermarkets (Harvey 2000). As such this prompts manufacturers to delay 
production of foods as late before delivery as possible and to minimise as far as is practicable 
any on-hand stock or work-in-progress. 
The shelf-life of a food is dependant upon the processing techniques applied to the product 
and the preservation methods employed after processing. The purpose of processing and 
then preserving foods is to prolong the amount of time that the food remains edible and safe, 
and it is the growth of micro organisms and spoilage that largely limits the length of time that 
a food can be stored. Other factors do have an impact on shelf-life however, such as 
naturally acting enzymes within the product (Hutton 2001). The most common means of 
processing foods is by heat treatment which has the effect of reducing both microbial and 
enzyme activity. After processing the means by which foods are preserved depends upon the 
technologies employed, but for most cases this is by either temperature control, the 
packaging used or both (Hart 1997). At sufficiently low temperatures microbiological and 
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chemical deterioration is slowed, and many foods are transported, stored and sold at chilled 
temperatures in order to extend their shelf-life. 
3.3.2 Hygiene 
Any treatment of the characteristics of food manufacturing would be incomplete without 
considering hygiene's impact upon what happens during production. Legislation is laid 
down to ensure that manufacturing procedures are followed to a standard to ensure that all 
products are safe for consumption (Forsythe and Hayes 1999). This concerns chiefly the 
means by which foods are produced, but also influences the determination of shelf-lives, the 
acceptable materials used in packaging foods and temperatures and procedures in place when 
cooking, storing and transporting foods. Products that have been processed and chilled to 
prolong shelf-lives must be maintained at temperatures dictated by the legislation. This has 
led to an extensive chill-chain being developed to ensure the products can be guaranteed to 
have been kept below given temperatures which Cox et al. (2003) assert to be one of the 
attributable reasons for the successful growth in the UK of chilled and fresh foods. A 
number of products from each production run can be tested under lab conditions for the 
presence of microbiological indicators for fitness for consumption, however given the 
compressed timescales many of the test products held are only held for traceability purposes 
should a product recall be required. 
3.3.3 Flavour and Ingredient Considerations 
The subtle product variations found in many food products also contribute much of the 
complexity caused in scheduling and production planning. Food products often have similar 
compositions, though with slight flavour variations, ranging from light to strong. In 
manufacturing different batches of product use of the same resources through swift 
changeovers and reduced production downtime is desirable. Only a few tasks are required 
when changing similar products from a light flavour to a stronger one, though the reverse is 
often more time consuming on account of product quality and consistency with increased 
cleaning being required. When changing to a more lightly flavoured product batch, often a 
lengthy clean up of manufacturing equipment is required to prevent contamination of the 
more lightly flavoured product by residues of the last batch. Additionally some ingredients 
must not be present in any amount of the subsequent batch, particularly in the case of 
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allergens (such as nuts) and after manufacturing products containing allergens, sometimes 
considerable cleaning of equipment must take place. These considerations contribute 
significantly to the required planning efforts and the order of production invariably takes 
account of these factors. 
3.3.4 Catch-weight 
Catch-weight is a significant issue for manufacturers that implement resource planning 
software developed for engineering applications, as these software systems have historically 
been found unable to fit some of the food industry sector needs. The problem comes where 
products are bought in both numbers of discrete products and weights, for example a whole 
number of animals and a price by weight for products. The inventory, costing, planning etc. 
in accounting for these products must, in some cases represent an inverted Bill Of Materials 
(BOM), with a single entity (for example an animal) at one end and several end products and 
waste losses at the other. In cases where there is a need to integrate IT systems and planning 
methods additional complexities may present an impediment to implementation; for example 
products being bought by weight (e. g. 500 Kg of chicken) and then sold and packed by 
pieces (2 chicken breasts per pack regardless of weight). 
3.3.5 Manufacturing lead-times 
The manufacturing lead-time of a product consists the total time spent in preparation, 
processing, chilling, checking and packaging activities before the product is saleable. The 
range of make-spans (specifically the required operation times) can vary extremely through 
the food industry, though the majority are of an order considerably less than found in some of 
the typical engineering applications. The variation in make-spans of foods can be related to 
the relatively simple processes that predominate many products combined with much more 
complicated operations in others, coupled with relatively long cycles over which products 
undergo essential but time consuming process delays, for example fermentation, chilling or 
slow cooking. 
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3.3.6 Seasonality and volatility 
Demand for food products varies across the industry. Some foods have a fairly steady, easily 
predictable demand pattern, meaning that the consumer's demand for the product can be met 
reasonably accurately, without producing excessive amounts of waste, or disappointing 
consumers by not meeting their needs. Other products, for example prepared sandwiches, 
display highly volatile demand, where there may be considerable wastage where demand is 
over-predicted or consumer dissatisfaction when stock-outs occur. Retailers may attempt to 
smooth large fluctuations by managing the demand, for example by running various 
promotional activities to maintain demand for products at a steadier level. The demand 
management efforts for products are an attempt to compensate for the external driving 
conditions which create the demand in highly volatile sectors, with such conditions being as 
diverse as weather conditions, holiday seasons and sporting events. Meeting demand under 
these conditions presents a considerable challenge, particularly when products have a short 
shelf-life, which serves to exaggerate the problem. Snack foods, ready prepared foods and 
meals experience particularly volatile demand, this means that volume of products that 
consumers wish to buy on a particular day can vary greatly as a proportion of the total 
volume of products sold. Snack manufacturers can experience huge variation in take up of 
particular flavour products from one week to the next (Wardle, 2000), and ready-meal 
manufacturers have historically experienced volatility in terms of product demand associated 
with the weather. This volatility of products, particularly when in regards of products with 
short shelf-lives means that manufacturers must try to closely follow demand and also 
anticipate from historical events anything which may lead to a spike in demand that could not 
otherwise have been predicted. 
3.3.7 Processing 
A wide range of processes from cleaning and cutting to cooking are common in food 
processing, with filling and packing operations within a ready-meal manufacturer being 
typical for the assembly of final products and HMRs. Terminology varies between 
companies, however the basic mode of operations remains constant with separate ingredients 
being added either by manual or mechanical means to a `foil' or tray, which is then sealed, 
labelled, weighed and checked for contamination by x-ray or metal detection. With these 
stages completed the foils are packed into cases for despatch. When filling the trays with 
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ingredients the weight must fall within a specified limit, the manufacturer has a legal 
obligation to ensure each product contains greater than the specified amount of each 
ingredient as specified in the UK by the Weights and Measures Act 1985 (revised 2001). 
However, each addition of ingredient over that limit eventually amounts to a considerable 
volume of product that is commonly termed `giveaway'. The manufacturer anticipates that 
some volume of ingredient must be planned for `giveaways' when preparing ingredients, 
though the accuracy of the filling operators/ equipment may mean that this creates some 
additional waste at the filling stage of production as ingredient planned for giveaway is left at 
the end of production. 
3.4 Major Actors in the food Supply Chain 
The main actors of the typical food supply chain may be represented as shown in Figure 3.4 
with the arrows in the figure identifying the direction of material flows. These actors can be 
viewed under four major categories of raw material suppliers, manufacturers, regional 
distribution centres (RDCs) and retailers which are described below. 
3.4.1 Raw material Suppliers 
There may be many raw material suppliers for a particular type of product manufactured at a 
facility, with all types of food ingredient being supplied typically by a separate organisation. 
By terming them `raw material' suppliers, the inference is automatically made that the 
material supplied is unprocessed, and while this is the case for some, many products arrive at 
the manufacturers facility that have already undergone some considerable processing. 
Packaging 
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Figure 3.4, Diagrammatic representation of the common food supply chain actors 
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Operations such as cleaning, drying, preparation, and packing may be completed before 
transportation by the supplier, and in the case of products such as meat, undergone 
considerable other processing at an abattoir. In the context of this research, fresh material 
suppliers are those that provide vegetables, meat, and sauces while rice, pasta, spices, herbs 
and prepared additives, such as preservatives are provided by dry ingredient suppliers. 
3.4.2 Manufacturers 
Convenience food manufacturers upon receiving materials from suppliers cook, mix, prepare 
and assemble the component parts into a consumer-ready format from which no further 
processing is required before sale to the consumer. Upon purchase of the product the 
consumer may be required to undertake additional preparation or cooking depending upon 
the product, however the manufacturer is the last stage in the supply chain where the 
foodstuff is handled directly before packaging, and so hygiene within the production facility 
is paramount. As such, many production facilities are arranged into high care/ low care 
areas, with appropriate hygiene procedures and requirements within the designated areas of 
the facility (known as hygienic zoning) (Van Donk and Gaalman 2004). Before final 
assembly of the product into the saleable format (referred to as `filling' in many sectors), the 
ingredients are likely to require processing in some form or another. These operations may 
be cleaning, preparation, cooking, chilling, mixing or other physical manipulation, before 
product is arranged ready for sale, and grouped by some method for mass transportation. 
Many of these processing operations will require manual operators, llyukhin et al. (2001) 
describe the results of a survey which showed all the food manufacturers they sampled 
automated some of their production processes over a ten year period up to 1991, however 
less than 3% have `top-to-bottom' integration of automation. Depending on the physical size 
and packaging of the saleable product a range of handling methods are applied for shipment 
of the products. Most commonly this is the filling cardboard cases with finished goods, then 
loading finished onto pallets, either standard wooden or plastic. Alternatively, material 
handling may be completed by loading finished products into wheeled cages and shipping 
these returnable cages to stores. 
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3.4.3 Regional Distribution Centres 
Regional Distribution Centres (RDCs) accept the shipments from manufacturers and as the 
name implies are the centre for distribution for a geographical region. It is commonplace for 
RDCs to be a part of the retailers organisational group, but this is not always the case, as with 
consolidators such as those described by Collins et al. (1999). An RDC reduces the number 
of shipments from the manufacturer, simplifying the logistics complication in distributing 
from one site to all stores within the retailer group. It is however worth noting that the 
practice of distributing direct to store is the norm in some sectors such as milk production for 
example. However the majority of food products in the UK are streamed through RDCs and 
shipped from the manufacturer into one of the 6-12 RDC each of the retailers have located 
around the country. Upon arriving at the RDC it is common practice for products to be 
placed within the stores at the site, which can be considerable in size, according to conditions 
required the store may be temperature controlled for ambient, refrigerated, or frozen goods. 
The outbound vehicles from the RDC can either take the range of products required directly 
to a single store, or deliver smaller quantities of goods to a number of stores in a `milk round' 
style delivery schedule. In addition, crossdocking is a technique specific to distribution 
centres which has been used where priority products are loaded directly to the waiting 
vehicle directly after transportation to the distribution centre. This means that the product 
spends as little time as possible waiting to be delivered to retailer stores, removing the 
inventory function of the distribution centre, which now acts solely as a consolidation point. 
With `pre-distribution' crossdocking the outbound logistics are determined when the product 
leaves the manufacturer while with `post-distribution' the pallets for particular stores are 
decided at the distribution centre. In either case the information transfer, integration and 
organisational issues are substantial (more so in the case of pre-distribution) to ensure the 
outbound vehicles are ready to correspond to the incoming shipments. These policies differ 
between retailers and products depending upon what is required and considered most 
economical. 
3.4.4 Retailers 
A typical out-of-town store offers many fresh products sourced from around the world, and 
as many as 15-20,000 product lines in total (Hutton 2001) while larger stores may carry 25- 
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50,000 (Harvey 2000). Tesco, Asda, Sainsbury's, Morrisons (including Safeway) have a 
greater market share than their smaller competitors, with these four accounting for 65% of 
food retailer sales, and the top 10 accounting for 85% (Mintel 2004-e). Within the food 
industry in the UK the large retailers have the majority of the buyer power in their 
relationships with their suppliers, as described at length by Hingley (2005), to the extent of 
threatening the survival of smaller suppliers (Grimsdell 1996; Dobson et al. 2001). The lead 
in the market by the top retailers has come through developing large hypermarket style stores 
to drive down their costs through greater distribution network efficiency and bargaining 
power with suppliers. Retailer stores are often spread throughout the country, each store 
being an individual site, but fitting closely with the retailer organisation's template for image, 
merchandising, product range and pricing, ethics, systems and culture. 
The pressures which suppliers face from the retailers is of common concern, and as such the 
competition commission ruled against further moves to reduce the number of large retailers 
to less than 4 (Mintel 2004-e). Even so, the large retailers have significantly greater 
bargaining power over the manufacturers (Robson and Rawnsley 2001) and as such have 
been able to make demands upon companies that have seen a proportion of shelf-life move 
out of the factory where it could be used to compensate demand fluctuation and onto 
supermarket shelves to create an impression of widely available fresh produce. However the 
consumer's view of the product will vary considerably from the manufacturers, and that the 
product's quality will be judged at consumption, not at the point of sale (Pegg 1999) in which 
case the retailer's demands ultimately benefit the manufacturer. However manufacturers in 
fresh and chilled food sectors often experience delivery due dates for the same day that the 
order was placed, and even multiple orders being placed for same day delivery which 
presents a considerable challenge to production, and one that commonly results in substantial 
waste being created (see chapter 7). 
A wide range of issues related to the food industry have been discussed in this chapter which 
highlights the complexity in particular the operational and Supply Chain Management 
activities in this sector. These issues have resulted in the generation of significant waste as 
the result of overproduction to compensate the inefficiencies in planning activities, as will be 
discussed in the remaining chapters of this thesis. The author's research aims to identify and 
analyse factors influencing such waste generation and to develop a framework and hybrid 
planning approach to minimise such waste. 
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Chapter 4 
Environmental Concern and Waste Creation in the Food 
Industry 
4.1 Introduction 
This chapter presents a survey of the literature associated with environmental concerns and 
waste creation in the food industry. The wider context of sustainable development as a 
global issue for manufacturers is addressed in addition to pollution prevention and control, 
with particular regard to the role of waste management as a means of achieving pollution 
reduction. The current waste issues within convenience food manufacturing are described, 
highlighting examples of wasteful production and sources of wasted materials and resources, 
and the chapter concludes by summarising the tools and techniques for reducing the 
environmental impact of manufacturing. 
4.2 Environmentally Conscious Manufacture and Sustainable Development 
This section describes sustainable developments as global issues and the methods by which 
environmental pollution and waste controls may be adopted by manufacturers. 
4.2.1 Climate Change and Pollution Controls 
It is suggested that the earth's environment and atmosphere is severely detrimentally 
impacted by the release of pollutants and the misuse of resources both by industry and 
through domestic sources. Highly publicised environmental issues such as the depletion of 
the ozone layer and global warming have been blamed by some on the release of chemical 
pollutants such as Chlorofluorocarbons (CFC's) (Rowland 1991) and Carbon Dioxide (C02) 
(Houghton et al. 2001) respectively. It is argued that the release of such chemicals will have 
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a severe impact on the earth, in particular the climate and atmosphere which will Only he 
rcvcrsihIe, ifat aII, on exceptionally long dine-scales (Rowland 199 1). 
In the past industrial and cCOmR)mic growth wits largely at the expense of the environment, 
and as it result strictly defined limits regarding the acceptable use of resources and the impact 
of industrial activities on the surrounding environment are now in place (Byrne and Glover 
2002). Typifying this kind cif' control are `clean air' acts, whereby governments pass laws 
specifying the maximum Outputs cif certain damaging chemicals that companies must adhere 
to or täcc legal penalties the most obvious examples of' which heim; driven by the Integrated 
Pollution Prevention and Control (IPPC) mcasures (I)ircctivc 96/OI/I": (', I9%). In this way 
all companies must comply with these minimum standards, and their compliance is regularly 
monitored to ensure cnvironmcntal impact is sustained below the specified pollution 
11111X111lullls. 
Four commonly recognised principles provide a context ti)r environmental management by 
acknowledging that it is best to avoid creating pollution where possible (Furopean 
Commission 1999). Where this is unavoidable, the polluter should COVCI the costs foº- 
minimisation and safe disposal, where the full impacts as a result of pollution are not known, 
it is best to minimise the output of wastes and pollution should he managed in the vicinity of 
where it is created. The tour principles are thus summarised in 't'able 4.1, below. 
Principle Basis 
Prevention Minimise creation of, pollution by 
alternative 'cleaner' applications 
Polluter Pays Those creating pollution cover costs for 
management and control 
Precautionary Unforeseen impacts are not excused- all 
releases must be managed 
Proximity Pollution should not be transport away from 
locale 
Table 4.1, Pollution principles and the basis upon which the principle works 
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It has been argued that `green' or environmentally friendly manufacturing strategies and 
techniques will prove to have a combination of economic and competitive benefits that 
promote industries to adopt a proactive approach in their adoption (Porter and van der Linde 
1995). Were manufacturers to become aware of the benefits of environmentally sound 
manufacture then it is proposed that their voluntary adoption of the strategies would yield 
greater benefits to the environment and also company profits, as pollution and wastes would 
be minimised. This supposition relies on the premise that minimising a company's 
production of material wastes and handling of environmentally hazardous materials will 
increase that company's profitability. It stands to reason that the waste a company generates 
adds no value to a companies products, and may even cost a great deal to dispose of, thereby 
minimisation of such wastes should be an operational goal of all organisations. 
4.2.2 Sustainable Development 
The commonly accepted definition of sustainable development comes from the World 
Commission on Environment and Development (1987) as `development that meets the needs 
of the present without compromising the ability of future generations to meet their own 
needs'. Wilkinson et al. (2001) go further than this definition for Sustainable Development 
by acknowledging the ethical `fairness' element of the trade of required between today's 
economic pressures and the future environment. There are increasing pressures on 
manufacturers to develop sustainable products and services, which require commitment to 
sustainable principles at a strategic level to reassess the environmental impacts of operations, 
and possible application of clean technologies (Maxwell and van der Vorst 2003). 
Sustainable requirements, in conjunction with economic growth and consumerism is 
acknowledged by the UK governments sustainable development strategy (Department of the 
Environment, Transport and the Regions 1999), while the link between wasteful production 
and growth has been identified to be decoupled (Department of the Environment, Transport 
and the Regions 2000). The interactions between manufacturers, consumers and waste- 
processors must make most use of the resources available, and where possible take advantage 
of any resources that may be re-used in another form before being disposed of as waste. A 
linear type I ecology (as depicted in figure 4.1) demonstrates a single direction flow of 
material and could only be sustainable should the resources remain infinite (Jelinski et al. 
1992). 
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Unlimited ECOSYSTEM Unlimited 
Resources -ý; Component 
ýý Wastes 
Figure 4.1, Linear materials flow in a type I ecology (adapted from Jelinski et al. 1992) 
In most manufacturing conditions resources are only sustained at the expense of other 
resources and a quasi-cyclic industrial ecosystem has been developed to show how limited 
resources can be used to their fullest potential before disposal, as shown in figure 4.2. There 
are several examples of working industrial ecosystems, the development of which have been 
supported by governments or other institutions (Sarkis 2001) as the linkages between eco- 
system components or supply chain members may be financially undesirable. As such 
initiatives, legal requirements or schemes can be put into place to promote the extraction and 
re-use of materials rather than disposal as waste. Sustainable manufacturing strategies may 
be considered from a number of viewpoints, however the author believes that an industrial 
ecology approach to designing products and process with a view to optimising the materials 
cycle from virgin material through to final waste provides the clearest view of where 
sustainable manufacture must be focused. 
Industrial 
Ecosystem , -'ý-Materials 
Boundary Extractor Manufacturer `. 
Energy and i; Limited 
Limited Waste 
Resources 
% 
ý`' Waste Processor Consumer 
,. 
'' 
Figure 4.2, Quasi-cyclic industrial ecosystem framework (adapted from Sarkis 2001) 
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4.2.3 Enºvirconmc'ntaIIv C'onscious Alangfilc'turinL' 
The legislative drive to improve industry's sustainable production and reduce its negative 
impact upon the e IVII-0illlment is 111 addition to consumer pressures tier manufacturers to let in 
an environmentally conscious manner. Companies with a consistently good reputation for 
environmentally responsible policies as part of their corporate social responsibility 
(Piaccntini et al. 2000) may find themselves with a significant competitive advantage as 
suppliers, customers and the public place increasing importance on environmental issues. 
Organisational and Management Issues 
" Planning Methods " Waste, Energy and 
Resource 
Minimisation 
" Life Cycle " Moves to 'Clean' 
Analysis Processes 
" EcoI)esign' DIP 
-Waste Pollution 
Management 
Control 
" Packaging 
Reduction 
" Re-processing 
Pollution 
" Re-use of 
Prevention 
Materials 
Pre-Production Production 
-waste Pollution 
Management 
Control 
" Packaging 
Reduction 
" Re-processing 
Pollution 
" Re-use of 
Prevention 
Materials 
Post Production 
Figure 4.3, An overview of environmental concepts and technologies relative to their place 
in production (adapted from Rahimifärd 2004) 
A means of classifying the environmental technologies and applications related to 
elimination and minimisation of wastes and pollution comes by dividing them as either 
pollution prevention or control, as depicted in figure 4.3, this classification was developed by 
Rahimifard (2004). The figure also splits classification of technologies and concepts by their 
point of application, he it before, during, or after production has taken place. 
4.3 Pollution Control and Prevention 
As shown in figure 4.3, environmental technologies and applications may be viewed as either 
eliminating (preventing) the release of pollutants, such as those approaches described in 
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section 4.3.1; or as methods by which the releases of pollutants may be controlled or 
minimised, as described in section 4.3.2. 
4.3.1 Pollution Prevention 
Pollution prevention covers many activities including design based changes of products, 
processes and systems, the adoption of clean technologies and fundamental operational 
changes to a basic product or primary process in order to provide the best possible 
environmental performance (Freeman 1995). By actively re-designing, or engineering a 
process or product so that `clean' processes may be used that release little or no polluting 
emissions, parts or bi-products, the environmental impact of manufacturing is substantially 
improved. However Lillford and Edwards (1997) argue the case for considering the entire 
food supply chain for clean technologies given the many interdependencies of distribution 
and disposal on processing methods elsewhere in the food chain. The majority of these 
changes may be made at the design stage of a product's life cycle, when much of the material 
and manufacturing decisions are made for a product. 
Design has a great deal of influence upon a products life cycle costs, manufacture, 
environmental impact or ease of assembly and disassembly (Huang 1996). Design for 
Manufacture and Assembly (DFMA) led to other design methodologies being established, 
which in some cases lead to the use of Life Cycle Assessment (LCA) such as the eco-design 
tools described by Kalisvaart and van der Horst (1995). In such considerations the 
environmental impacts of the products and the materials consumed in production are weighed 
against alternative or provisional products that may be used instead. Where possible the 
alternative packaging may contribute no harmful material pollutants or waste to the 
environment, and as such should always be favoured, provided economic constraints permit 
the packaging material substitution. Vazquez et al. (2003) describe the packaging design 
process for food retailers, highlighting the emphasis placed as a "strategic function that 
delivers brand values to the customer" this importance indicating the conflicts that arise 
between environmental aspects and aspects of packaging. 
Improved supply chain practices may enable pollution to be prevented however, as material 
handling methods and packaging may be designed in ways that eliminate disposable casings, 
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pallets and racking that may be used indefinitely or engineered specifically for ease of 
reclamation and re-cycling (Envirowise 1999; Winder et al. 2001). 
4.3.2 Pollution Control 
Pollution control should be undertaken wherever a process, product or production cycle 
cannot be re-designed to eliminate the release of pollutants entirely for either technological 
or economic reasons. Control of the release of pollutants aims to minimise the impact onto 
the external environment at all times, firstly by the same principles outlined section 4.3.1 in 
eliminating the unnecessary actions, materials and releases of waste, and then by managing 
the environmental aspects of the processes considered to reduce the harm done by any such 
releases that cannot be eliminated. As such pollution control may begin at the planning stage 
where the production activities which will potentially result in the creation of wastes and 
pollution are conceived. The responsible planning of manufacturing activities to minimise 
the environmental impacts of production is essential, and where possible the redirection, or 
re-use of materials that had been improperly produced is desirable. 
An integrated Environmental Management System (EMS) has been described as a suitable 
response to legislation and regulations relating to a companies environmental performance 
(Morrow and Rondinelli 2002; Food and Drink Federation 2002) allowing all activities to be 
managed and benchmarked against the companies EMS database. An International family of 
Standards referred to as ISO 14000 (International Organisation for Standardsization 2002) 
provides the framework by which EMSs may be structured, considering auditing, monitoring, 
analysis and assessment including LCA whereby any potential environmental impacts across 
a products life are considered. Some have likened the activity undertaken in an EMS to that 
of existing manufacturing management systems, such as Total Quality Management (Borri 
and Boccaletti 1995), while acknowledging the continuous improvement basis upon which 
EMSs are based as they develop with technological and political advancement (Gupta 1994, 
Borri and Boccaletti 1995). However there have been criticisms of the ISO 14001 
certification procedure, based upon the premise that environmental management is an 
ongoing requirement, and performance based appraisals lead to improved reduction of 
environmental risks rather than one-off certification `events' (Tuberfield 2002). 
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Waste minimisation clusters, organisations and clubs can be throughout the 11K, set up 
fier most regions, fier example Greater I'ctencýºrýýuý h (Hi cluster 200) and have been drivers 
for the formation cif- partnerships that have led to considerable waste reduction drives 
(Phillips cl a/. 2002). With this kind of' initiative manufacturing COMINMies may cithcr 
competitively or co-operatively work towards implementing an INS, improve their 
environmental impact and reduction of wastes in their production systems. 
4.3.3 Tools and tc'chniqucs for Waste Afanagemc'nt 
A large number of tools and techniques have been developed tiºr the rcdluctioii of waste 
creation and environmental considerations, with Table 4.2 briefly summarising those that the 
author has classified as being of relevance to this research in areas of environmental 
managcmcnt, dcsign, and lean. 
Tool/Technique Authors Description 
environmental management 
Compliance with Directive Regulatory measures to promote, / cnl rcc environmental 
EU legislation 96/61 /EC 1996; principles (prevention, polluter pays, precautionary, and 
Directive proximity) to provide context for environmental 
04/12/EC 2004; management 
Environmental ISO 2002; The structured management, monitoring and 
Management Morrow and benchmarking of an organisations environmental 
Systems Rondinelli 2002; strategies, these may he assisted and supported by local 
governments and ISO standards 
Total Quality Born and Management Philosophy based on Total Quality 
Environmental Boccaletti 1995; Management for the development of sustainable 
Management manufacturing techniques 
Environmental Gupta 1995; A traditional Strengths/ Weaknesses/ Opportunities/ 
SWOT North 1992; Threats (SWOT) analysis with the primary Locus being 
environmental strengths and weaknesses etc. 
Green Business Gupta 1995; Similar to EMS, structured through Environmental 
Strategy SWOT to drive business toward environmental biased 
strategy. 
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1.11C Cycle 
Asscssnicnt 
Guincc rl n! 
2002; 
Assessment ofa pailicular products environmental 
impacts- not only of sustainable means, but also with 
regard it disposal and processing costs across the whole 
Iite of the product 
design 
Sustainable Maxwell and fakes a lit'e cycle viewpoint to sustainable design, based 
product and van der Vorst upon the integration of sustainable criteria alongside 
service 2003, traditional product requirements 
development 
Design Huang 1996; Design ti)cus tier ensuring cco cliiciency. Many design 
methodology methodologies have been described, including design fier: 
(design for X) environment, assembly. disassembly, manufacture 
eco-design Kalisvaart and Design of'resource and nºaterial ecology so that most use 
van der I lorst is gained from materials helbrc release as wastes 
1995; 
lean --- 
Toyota Ohno 1995; Define and identity 7 types of waste and continuously 
Production Shingo 1995; improve production to eliminate sources of the wastes 
System 
Demand Jones and Indication of the incidence of the bullwhip cf'fccl on the 
Amplification Womack 2002; supply chain considered highlighting ordering 
Screen I lines and Rich inefficiencies and implications tör overproduction 
1997; 
Value Stream "Tapping et a!. Mapping process of operations detailing value adding and 
Mapping 2002; non-value adding steps, may be extended to Supply chain 
Duggan 2002; partners and considers processing and intormation flows 
I Iilies et u1. 
1999, 
SMED Shingo 1983; Operational tool to continuously improve operations 
McIntosh et a!. techniques to minimise offline time 
2001; 
Table 4.2, Tools and techniques suitable for waste improvement or minimisation in 
production. 
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The tools in Table 4.2 contribute to improving production waste creation in a variety of 
methods, with several of the techniques associated with environmental management being 
based around auditing, measuring or the monitoring of waste, and thus indirectly its 
reduction. A number of the tools consider design techniques, and will impact waste creation 
by elimination at the design stage, thereby significantly reducing the initial generation of 
waste, while lean approaches are of use when improving waste creation of production 
systems. 
4.4 Waste In Food Manufacturing 
The focus of the research reported in this thesis is the waste created by convenience food 
manufacture, hence the following review section concentrating on research on waste 
minimisation in food sectors. This section describes the current forms of waste that are 
prevalent in the food industry, with particular regard to the convenience food sectors. It is 
worth remembering at this point that waste may be measured in different ways depending on 
what is to be considered, and may also be classified relative to a process, or processor. For 
example wastes from a factory may be measured by weight or at a value-cost, and may be a 
waste to a producer, while being the raw material to the next stage of processing that the 
material is passed to (for example waste foods being passed as raw material to a fertilizer 
producer) 
4.4.1 Current Wasteful Practices 
Current food industry manufacture has developed from a culture where product losses are 
inherent to the processes developed, products will typically yield considerably below less 
than the amount of raw material used. This is due to the physical transformation effect of 
cooking processes in conjunction with a number of other issues, and as such waste 
measurement and minimisation have not been undertaken as rigorously as other engineering 
disciplines. In addition, very few dangerous chemicals and pollutants may be used safely in 
food manufacture, so the environmental impacts of food wastes have been given little 
consideration. In fact production wastes may be used for land treatment- with certain 
production wastes being rich in potassium, phosphorus, and nitrogen, which can be beneficial 
to replenish soil nutrients, provided the waste application is monitored and managed 
(Mattsson and Sonesson 2003). One of the most common food industry wastes is in the form 
34 
Chapter 4 
of packaging , which may be primary (sales), secondary (grouped until point of sale) or 
tertiary (transport packaging) (Mattsson and Sonesson 2003) with much of the primary 
packaging being polymer based and largely disposed of to landfill after consumption. 
4.4.2 Material and Water Wastes 
Material wastes in the food industry may be generated from a number of sources. Raw 
materials may be trimmed, peeled, or prepared in any number of ways that produce some 
undesirable or unusable material, likewise some raw material may be partly processed before 
being contaminated, miss-handled, or simply not required and so will be disposed of as 
waste. Processing itself in some cases produces either losses as foods are reduced, burned, 
evaporated and in most cases simply yield less final product than the sum of the whole that 
was inputted. Such wastes are removed from the processing machinery in cleaning 
operations and are combined with the general wastes from the factory as depicted in Figure 
4.4. 
Other food industry wastes such as those arising from processing or waste water and effluent 
are considered under the Integrated Pollution Prevention and Control (IPPC) directive 
96/61/EC (1996), earmarked for full implementation in all European Union Member states 
by October 2007. The IPPC measures were created to prevent, or at least reduce emissions 
to air, land and water from manufacturing activities whereby companies have to demonstrate 
that reasonable steps to reduce emissions to acceptable levels are being taken. Water and 
energy are consumed in great quantities for most food processing applications, and 
management of these resources is of great importance for food manufacturers. 
Raw Preparation Cooking Assembly Finished 
Material Process Process Process Product 
Raw Processing 
Material Reclaimed Wastes 
Wastes Material II Material Wastes 
Figure 4.4, Schematic Material Waste Flows in Typical Food Manufacture 
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Water is used as a cooking medium as both water and steam, steam may be used to seal 
packaging, water may even be used under high pressure to cut material, as found in sandwich 
manufacture, however the greatest uses of water are for cleaning and cooking purposes. 
Water may be combined with a variety of cleaning agents and is used in great quantities for 
the purpose of cleaning machinery, containers and facilities to ensure food hygiene standards 
are maintained. It is used in foods as a raw ingredient and also as a carrier to dispose of 
wastes from factories and as such is essential for most food manufacturers. The management 
of a company's water resources may reap financial benefits as well as significantly reducing 
the environmental impacts the food manufacturer makes (Holmes 2000; Environment 
Agency 2001). 
Where water is used as a heating medium, such as boiling, sous-vide or cook-chill processing 
(where foods are processed whilst vacuum packaged (Ghazala 1998)), or steaming, there are 
significant energy implications as water requires a considerable amount of energy to raise to 
the required temperatures, and so where possible the thermal insulation, recovery and reuse 
of the water used for cooking should be considered. In some sous-vide applications 
for 
example the water medium is kept entirely isolated from the product and may be re-used 
for 
many production runs, whereas water used in direct contact with foods must 
be used 
elsewhere or disposed of. 
Figure 4.5, The increasing cost of water savings by process: highlighting importance of 
housekeeping and management (adapted from: Holmes 2000) 
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4.4.3 Packaging 
Material wastes created in food supply networks are largely organic and packaging, with the 
food industry responsible for using over 50% of the total packaging output for the UK 
(Environment agency 2001). The European Union directives on packaging waste (Directive 
94/62/EC 1994; Directive 04/12/EC 2004), indicate the measures and targets that member 
states must implement. The UK Packaging Regulations (set in 1998 and amended in 2003) 
based upon these directives require companies handling greater than 50 tonnes of packaging 
to comply with the legislation and take responsibility for their `obligation' of packaging 
waste in order to reduce the environmental impact of such packaging waste (Department of 
Trade and Industry 2005-a; Department for Environment Food and Rural Affairs 2005). 
Fernie and Hart (2001) describe how this obligation gave the greater share of the 
responsibility to retailers, with manufacturers required to recover 9% of packaging, while 
the actual recovery is often taken care of by third party reprocessors through compliance 
schemes which issue Packaging Waste Recovery Notes. 
4.4.4 Bi products 
Production wastes are in many cases unavoidable with current methods of production. Such 
wastes may be in the form of material left in processing tanks pipe-work or packaging after 
emptying during production; product may be disposed of for hygiene reasons after being 
contaminated and thus be classified unfit for production. Bi-products however are created by 
the production processes themselves by creating a secondary product when processing the 
material required. In some cases it is possible for the additional bi-product to be of use in 
some other way for example the boiling of vegetables produces vegetables as the product, 
and in addition the cooking water used may be of use as a cooking stock or other ingredient 
in some cases. Some bi-products are either of no commercial value or are may not be reused 
by the company and in such cases may simply be re-assigned as wastes. 
4.4.5 Production Wastes 
Materials that may be wastefully disposed of during production may simply be the products 
or ingredients themselves or additional materials that are consumed along with the processing 
of the foods, such as reams, rollers or dispensers that packaging materials are supplied with. 
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Packaging itself may only be used for intermediate stages within processing, such as 
temporary plastic sheets to prevent contamination of trays of product, or vacuum packaging 
meats to cook them, before the used plastic pouches are disposed of. 
Resources that generate excessive waste result from processing inefficiencies, such as 
equipment using more water or electricity than would otherwise be required to process the 
foods, and in many cases these inefficiencies will be overcome by proactive maintenance or 
investment in more effective equipment (Envirowise 2001). The design of the processing 
equipment will dictate the amounts of detergent, water and effort required to clean the 
equipment and also impact the waste generated in production, as these design elements will 
influence the amount of material wastes resulting from ingredients being stuck in or to 
handling equipment and not being used for manufacture. 
In food manufacturing at times it is even relatively common for whole product batches to be 
scrapped and made waste for mistakes in production. Such mistakes may come about as a 
result of ingredient problems- some spices have variable potency for example; contamination 
of some kind, either by hazardous materials or allergens; or simply because the batch was not 
necessary to produce. It is unusual for foods to require rework to correct any problems, 
though this may occur to improve quality or consistency, or to make better use of any 
material or produce that has been reclaimed at a subsequent processing step. 
This chapter has outlined the various forms of waste associated with the food industry, in 
particular convenience food manufacture. While there is much legislation and high level 
research completed in considering the wider implications of waste creation and 
environmental impacts , there is little research 
for the reduction of wastes and the 
improvement of production efficiencies at an operational level. This research aims to 
provide a consistent theme for the consideration of waste generation in food manufacture, 
with the primary focus being the minimisation of OverProduction wastes in convenience 
foods. 
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Chapter 5 
Review of Operations Management Tools and Techniques 
5.1 Introduction 
The research reported in this thesis has utilised a wide range of contemporary Operations 
Management tools and techniques to support the structured approach to waste minimisation 
in convenience food manufacture. This chapter presents a survey of the relevant literature 
applicable to the research, and is divided into four sections of production planning and 
control, Supply Chain Management, simulation and modelling, and lean manufacturing. 
5.2 Production Planning and Control 
Planning essentially determines the production capacity required to meet future demands, 
while control activities are concerned with the execution of those plans and how capacity 
may be utilised. The planning of production may be undertaken in a number of different 
ways, depending on the external drivers around the production system and the tools available 
to support demand management. The point at which forecasted demands are confirmed as 
orders, known as the order de-coupling point or order penetration point, contributes greatly 
(along with the nature of products) to the manufacturing strategy adopted by a company. 
Make-To-Stock (MTS), Assemble-To-Order (ATO) and Make-To-Order (MTO) are 
manufacturing strategies that require different planning approaches based on the order 
decoupling point, while implementing these strategies based on manufacturing lead-times 
and capacity constraints are among the challenges for production control. Mather (1999) 
describes industry's toughest `planning dilemma' as the P: D ratio where P is the production 
lead-time, while D is the order lead-time. Several solutions are proposed for the condition 
where production lead-time exceeds order lead-time: 
  Over-planning 
  Inventories 
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  Improved speculation/forecasting 
" simplifying products 
  standardising products and process 
" safety stocks, capacities and lead-times 
These approaches are reasonable given the unattainable nature of the challenge, however 
each incurs either costly, impracticable and in some cases impossible obstacles. The 
remainder of this section describes in further detail issues of aggregate planning, production 
scheduling and production activity control. 
5.2.1 Aggregate Planning 
Longer term or Aggregate planning is difficult for seasonal and volatile products, as demand 
levels may be subject to considerable change. Systems have been developed in order to 
better organise, standardise and report tasks that are completed within the company, for 
example the early introduction of Materials Requirements Planning (MRP) systems was 
quickly followed by a number of other approaches which included increasing sophistication 
to the planning aspects associated with operations. MRP systems have been widely criticised 
from the food industry as being unsympathetic to many of the considerations as its basis was 
primarily based around Bill of Materials and simple inventory based analysis. 
Manufacturing Resource Planning (MRPII) has been implemented into many food 
manufacturing companies though still experienced many shortcomings in terms of 
functionality expected by food producers. Enterprise Resource Planning (ERP) considers 
wider implications of resource planning across the whole of the enterprise, though often by 
including elements from MRP and MRPII systems. ERP does however allow the 
engineering of products to be completed in a much more systematic manner. 
Implementations of ERP systems has been found by many companies to be extremely 
expensive and sometimes problematic to adapt a standard system to the particular problems 
faced by the company (Xu et al. 2002). Al-Mashari et al. (2003) describe critical success 
factors for ERP systems, summarising that the benefits from ERP systems are realised when 
"a tight link is established between implementation approach and business-wide performance 
measures". Spring and Sweeting (2002) describe the development of enterprise systems 
using Advanced Planning Systems (APS). Another novel approach has been proposed by 
Vandaele and De Boeck (2003) described as Advanced Resource Planning, which sets out to 
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address aggregate planning and provide lead-time, lot size, service level and delivery times 
through consideration of stochastic system behaviour and queuing networks. 
Aggregate planning of `perishable' food industry production facilities is described by Tadei 
et al. (1995), with regard to the annual and short term (monthly) scheduling to minimise 
conflicting personnel and inventory costs. Jones and Kurse (1999) describe the functioning 
of an ERP system and basic modules from which it is built, going further to underline some 
of the shortcomings of ERP, particularly with respect to the food sectors. Suitable ERP 
packages that support formula and recipe-based product configurations are described by 
Jones and Kurse (1999). Hare (1999) describes the implementation of ERP system into a 
dairy manufacturer including the problems faced by the company in terms of demand 
variability, product variation and compatibility over various lines etc. ERP was implemented 
alongside existing warehouse management system enabling product tracking throughout the 
factory. The benefit of the internet to share data across enterprises is described by Davis 
(2000) who also explains how ERP providers have upgraded systems to have online 
capability. 
5.2.2 Production Scheduling 
Production scheduling rules are sets of heuristics or algorithms often referred to as 
sequencing, or loading rules, which are used to select the next job to be processed, identify 
that job's route through the production system and to assign the job to appropriate resources. 
Scheduling rules have been developed to support most production planning and control 
systems notably flexible manufacturing systems (Aanen et al. 1993; Sabuncuoglu 1998-a; 
Gamila and Motavalli 2003); however the use of scheduling rules may be applied to off-line 
and on-line (real time) planning and control, as well as centralised or distributed production 
environments. Studies into Scheduling practices and perspectives have been undertaken 
extensively, and several have been outlined by MacCarthy and Wilson (2001), who also 
describe the growing complexities of schedulers roles in supply chains, and describe in detail 
a hybrid intelligent production scheduling system. They also describe human decision 
makers acting as an interface for changing or conflicting goals, applying impartial data and 
grouping jobs that meet common criteria when applying a software based scheduling system. 
Basic scheduling rules have been used for many years (Panwalkar and Iskander 1977) as part 
of the operations research approach to scheduling, with variations utilising many 
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contemporary techniques including simulation (Rahimifard and Newman 1997), artificial 
intelligence (Steffen 1986), neural networks (Sabuncuoglu 1998-b) and genetic algorithms 
(Shaw and Fleming 2000) having been proposed to address industrial scheduling problems. 
Scheduling rules may be classified as either static or dynamic rules. Examples of static rules 
include `earliest due date' and `minimum number of operations' which have performance 
indices that are independent of time, and therefore are commonly applied prior to production, 
resulting in a fixed schedule for that production period (Gupta et al. 1989; Vollman et al. 
2005). Static scheduling rules are often used in a predictive production planning and 
control structure', using off-line planning and control techniques. The utilisation of such 
static rules enables the sequencing, routing and allocation of jobs to be carried out based on 
an optimisation process, to satisfy a number of particular manufacturing goals (e. g. 
minimisation of machine set up times and the number of required tool change over 
activities). Medium term plans may be commonly generated using an off-line method based 
on a longer planning horizon, from a month to a week. The length of this planning horizon is 
influenced by a number of factors such as the average manufacturing lead times of the 
products, the business requirements, size of the manufacturing system and the length of time 
for which a reasonably accurate rough cut plan can be generated by the master production 
scheduling process. However, off-line scheduling can experience difficulties when 
requirements arise for the frequent update of schedules (i. e. rescheduling) due to changing 
production conditions within a unpredictable manufacturing environment. 
Dynamic scheduling rules such as `slack time remaining' or the `machine with the shortest 
queue' are time dependent and must be used in conjunction with real time data (Vollman et 
al. 2005). As a result, the terms `real time' or `on-line' are usually used to refer to planning 
and control systems with capabilities of incorporating such dynamic rules within a `reactive 
production planning and control structure'. Dynamic scheduling postpones loading 
decisions thereby preserving routing options for as long as possible in order use the system's 
flexibility opportunistically. In this way dynamic scheduling makes routing decisions for a 
part incrementally as the job completes its operations and therefore the next destination 
resource for a job at any stage is decided only when its current operation is nearing 
completion. Short term plans may be developed using an on-line method based on a shorter 
planning horizon of a day or a shift. The length of this planning horizon depends on a range 
of issues such as the reliability of the manufacturing system in terms of machine breakdowns, 
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the frequency with which additional workloads in terms of new jobs are required to be added 
to existing schedules and other dynamic factors influencing the manufacturing system. 
Within a real time planning and control system there is a need for integration of a 
manufacturing system model via a computer network to the physical resources on the shop 
floor. This model continuously receives information on the progress of previous production 
instructions and system status through data acquisition systems. This updated information is 
then used to generate further production instructions and to make appropriate corrective 
modifications to overcome any possible problems caused by changes through production. As 
a result, real-time planning and control systems are often used in applications with expensive 
and modern manufacturing systems with certain levels of automation which can support a 
fast and responsive information structure. 
Scheduling software has aided significantly the process of schedule generation, both 
speeding up the process, and allowing optimisation of the schedules produced to improve 
production planning. However Kuo and Hwang (1999) propose the balancing of tasks to 
remove boring and time consuming tasks to allow human schedulers `thinking space' as 
human-computer interactions often require the combination of both to approach complex 
situations. 
The scheduling of production in the food industry has increased importance due to the 
particular problems posed by the material properties of the food products themselves which 
limits the extent that caution may be exhibited in scheduling due to wastages resulting from 
shelf-lives (Nakhla 1995). In its most simple case a food manufacturer may backwards 
schedule a batch of product from its due-date before applying scheduling rules to ensure that 
the product is processed as late as possible and hence leave the factory with as great a shelf- 
life as possible. Further complications are evident however, such as when orders to or 
shipments of ingredients from suppliers arrive and how this influences the way a schedule is 
created (Gargouri et al. 2002). Shaw and Fleming (2000) use ready-meal scheduling as a 
complex example that is subject to forecast volatility, drastic production changes, and often 
subject to demands of flexible preferences greater than offered by standard rules. 
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5.2.3 Production Activity Control 
Production activity control is described by Browne et al. (1996) as the layer of the 
Production Management System responsible for the transformation of planning decisions into 
control commands for the production process. Hierarchical reference models have been 
developed for the control of modem manufacturing system, with the most well known of 
these models being NBS/NIST and CAM-I models. These models consist of five and four 
levels respectively, however the control at shop level links offline control (at factory level) to 
online control (at the work centre level) and is therefore of critical importance. Banerjee 
(1997) presents the methodology behind designing a production control system through 
customisation of a number of such reference models for particular applications. 
Higgins and Browne (1990) describe effective activity control as being dependant upon real- 
time data capture and monitoring. Kehoe and Boughton (2001) go further to propose more 
extensive use of internet technologies to contribute benefits of planning and control across 
supply chains. 
5.3 Supply Chain Management 
Supply chain issues have been extensively researched under the banner of Supply Chain 
Management (SCM). Equally the ranges in different definitions as to what SCM is, vary 
considerably Metzner (2001) categorises the different definitions as a management 
philosophy, the implementation of a management philosophy or a set of management 
processes. The basic descriptions of supply chains vary, though the underlying purpose of 
SCM activities is to improve the operations across the whole supply chain in order to satisfy 
the ultimate customer (Quayle 2002) but in particular at the interfaces between companies. 
Much time and effort has been channelled into negotiating a favourable position for the 
individual companies in terms of transaction costs, organisational costs, balances of power 
etc. Hull et al. (1999) go further to discuss the importance of trade-off management - 
improving overall supply chain performance by one member of the chain `losing'. 
Partnerships may be formed between two or more of the supply network companies, and may 
take many forms, though all are based on mutually beneficial relationships to reduce 
uncertainty through improved information flows with the hope of increasing the profitability 
of the supply chain (Maloni and Benton 1997). Trust issues remain when inter-organisation 
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activities are undertaken, even where companies working in the same supply chain for many 
years begin a new improvement initiative. It may be commonplace for companies to set out 
confidentiality agreements or develop contractual obligations with supply chain partners 
before sensitive data or particularly co-operative initiatives are set into place. What works 
best in each case will be subject to negotiation between the companies involved, for example 
a contemporary practice by large retailers with many ready-meal supplier manufacturer 
partners is to have employees (planners) from the manufacturers based at their offices to co- 
ordinate communications and help interpret ordering fluctuations. 
Supply chains themselves are simply distribution channels that exist within business and vary 
considerably in size and complexity, particularly for large companies who are members of 
many supply chains, such as retailers (Metzner 2001). It has been suggested (Mason-Jones 
and Towill 1997) that there is a need for a holistic view among supply chain companies, with 
a single company either becoming a product champion to drive the development of a supply 
network or supply chain activities, meaning that often networks are built around focal 
companies. Diagrammatic representations of supply chains also vary considerably, though 
commonly have a focal company and supplier and customer on either side, (Hvolby and 
Trienekens 2002) creating large, complicated representations of the systems when all 
suppliers and customers are included. The modelling and simulation of supply chain 
behaviour and dynamics has been described (Towill 1996; de Souza et al. 2000), however 
most representations of supply chains form simple box figures. The extended supply chain 
shown in Figure 5.1 also indicates companies which, though not directly part of the product 
or information flows of the channel, also have some level of involvement in SCM, marketing 
and logistics considerations for example. 
Lamming et al. (2000) outline the development of theory and practice with regard to supply 
chain management, and further into supply networks providing classifications of networks 
based upon different dimensions. 
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Figure 5.1, the supply chain extended to include other additional functions that complex 
supply chains perform (adapted from: Metzner 2001). 
As such they highlight coordination mechanisms (social, bureaucratic, proprietary); the 
object of exchange (hard and soft- networking of problems, training etc); orientation of the 
network; integration; and finally network dynamic as dimensions by which networks may be 
classified. Two distinct types of network are identified, those for innovative-unique products 
and functional products, they also propose that three aspects of the product to be supplied 
decide how the network should be managed, namely product innovation, product uniqueness 
and product complexity. The initial development of supply networks is always different, 
with a great deal of instability in many cases with regard to relationships and 
interdependencies between the companies involved (De Toni and Nassimbeni 1995). Hull et 
al. (1999) describe how organisations should determine strategically which performance 
metrics a business (or supply chain) will excel in, and in which it will be average; a set of 
benchmark metrics for comparing competing supply chains is proposed using Kaplan's 
scorecard (Kaplan and Norton 2000). Oliver and Delbridge (2002) suggest that successful 
supply chains share common characteristics, using the automotive industry to establish low 
inventories, frequent communications and `up front' planning and control as common 
features. The case can be argued however for companies to ignore the performance of 
competitors and to strive against a model of perfection, as advocated by Womack and Jones 
(2003). The performance measures that are used to asses the chain members, and indeed 
chains themselves, must be carefully selected. Currently accepted measures include inventory 
turns (measured by sales/inventory value), service (measured by on time shipments % and 
responsiveness to orders), quality (measured as number of defects as % of products) and unit 
costs. The best measures for benchmarking promote coordination between managers of 
upstream and downstream flows (Metzner 2001) which may be achieved through use of the 
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performance measures and best practices used in the Supply Chain Operations Reference 
(SCOR) model developed by the supply chain council (Stephens 2001; Stewart 1997). 
Grimsdell (1996) highlights scale of operation, production flexibility and continuity of 
supply as being fundamental to success for supply chains in the food ingredient sector. 
Information quality often impairs supply chain performance (Sivadasan 2000) with 
complexity arising as changes to orders (including quantities, priorities or cancellations), 
specifications and deliveries. A `data rich SCM' utilises fast flowing information between its 
partners. This information must be delivered in a timely manner, in a format that is 
inherently of use to partners, be passed securely and be of some use on one of a number of 
levels: 
  Within transaction systems (order data , customer inquiry etc) 
  Management Control (productivity measurement etc) 
  Decision Analysis (Inventory levels, scheduling) 
  Strategic Planning (Development and refinement of capabilities and opportunities) 
5.3.1 Bullwhip Effects 
The bullwhip effect, was first identified by Forrester (1961) and has been extensively 
investigated since (Metters 1997; de Sousa et al. 2000; Franswoo and Wouters 2000; 
Johansson et al. 2000; Mason-Jones and Towill 2000; McCullen and Towill 2002; 
Dejonckheere et al. 2003; Svensson 2003). Mason-Jones and Towill (2000) summarise the 
bullwhip effect as the following `law': 
If demand for products is transmitted along a series of inventories using stock control 
ordering, then the demand variation will increase with each transfer. 
Material and information flows may be considered as continuous processes, carried out 
through pipelines. The effect of traditional supply chain operations has the effect of 
amplifying demand uncertainty as shown in Figure 5.2. Its basis is the amplification of 
demand across a supply chain, to the point of creating seemingly unpredictable demand 
volatility in suppliers. Additionally, problems occur when one company's actions are 
reflected across the whole supply chain, so organisations that create demand volatility can 
increase the complexities and costs across the whole of their supply network. 
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Figure 5.2, The Bullwhip Effect up the supply chain (adapted from: Mason-Jones and Towill 
2000) 
The Beer game simulation (developed at Massachusetts Institute of Technology in the 
1960's) may be used to describe the amplitude effect up the supply chain (Goodwin and 
Franklin 1994; Hull et al. 1999; de Sousa et al. 2000; Mason-Jones and Towill 2000) and has 
been used to identify problems in supply chain communication with regard to demand, and 
such a view highlights the lack of communication within a supply chain, the lack of 
knowledge of true demand and any delays in information transfer. This indicates that 
individual companies attempts to co-ordinate a supply chain will often fail and it is 
established that old data causes delay, amplifications of demand and overhead. Bolton 
(1998) describes the impact an organisation itself can have on the demand volatility it 
perceives in its products and claims that the ways in which company's can contribute to 
demand volatility are the terms of trade, promotions or pricing, specific company policies 
(e. g. order quantities) and distribution channel structure. As such, structuring an approach to 
tackle a company's demand problems should be undertaken, an example of which is provided 
by Bolton, and is shown diagrammatically in Figure 5.3. 
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Figure 5.3, An approach to effective demand management (adapted from: Bolton 1998) 
Johansson et al (2000) demonstrates a further simulation of the supply chain to emphasise the 
bullwhip effect, though this is based purely on theory. Several suggested improvements to 
supply chain performance come about solely through improved information flow (Mason- 
Jones and Towill 1997; Hull et al. 1999) though it is the quality of information passed which 
is key to improved performance as maintained by Fransoo and Wouters (2000). Supply 
chain performance has been reported as being significantly improved when Point Of Sale 
(POS) demand information is passed directly to each member of the chain. Wal-mart (the 
American retailer) is credited with breaking down many of the barriers to information 
sharing, and passed it's consumer market data to suppliers for their strategic and tactical use 
(Mason-Jones and Towill 1997). 
Disney and Towill (2003) describe the Bullwhip effect as the combination of the Forrester 
effect (caused by non-zero lead-times and demand signal processing), the Burbidge effect 
(caused by order batching for economies), the Houlihan flywheel effect (Houlihan 1987) and 
the effect of promotions. Disney and Towill (2003) consider a practical approach (Vendor 
Managed Inventory) to reduce these combined effects, reporting positive improvements, and 
elimination of a number of underlying effects altogether. The reduction of bullwhip effects 
have been described as achievable in practice by McCullen and Towill (2002) who describe 
control system, time compression, information transparency and echelon elimination 
principles to make the required changes. Elimination of bullwhip effects can improve 
profitability significantly as suggested by Metters (1997). 
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Flic basic underlying principles of Collaborative Planning: Forecasting and Replenishment 
(CPFR) are based upon the adoption of a 'trading partner t'rainc wrk' to f cus the operations 
On consumers, the mutual development 01' a single shared liºreeast of' demand fier planning 
across the value chain and then conlnlitment to the shared forecast throouglº removal of'supply 
constraints as defined by the Voluntary Inter-industry ('oºnºnerre S1aºnelarcis (VI('S) (VI('S 
2002). E3arratt and Oliveira (2001) describe ('PFR as the evolution of' 1 licient ('onsunmer 
Response (ECR) (as described by Sharpe and 11111 1998 and I. owson ct at. 1999) with the mill 
cif' supporting collaborative undertakings where previous business practices (such as Vendor 
Managed Inventory (VMI) and Continuous Replenishnlcnt) were inadequate. The activities 
included as part of CPFR have been summarised in Figure 5.4, indicating the many areas in 
which CPFR focuses collaboration between supply chain illembers. 
ustomer 
ScorccauI 
Execution 
Monitoring 
Logistic, 
Distribution 
ý+ 
11 
Manuficturer 
N : \ccount Planning ýý 
Vendor Supplier 
Scorecard 
Management 
n Retailer Category 
tent Store 
1{\ccuuun 
Management 
----------- Consumer ------- 
POS forecasting 
o¢i>urs 
I)ianhution Replenishment p 
F orecast i ng 
Buying 
Rrhu. ý ing 
Plan 
1541, 
fjrjrý 
Market 
Planning 
Markel Uala 
Analysis 
Production and Demand Planning 
Supply Planning i Qj1 
Figure 5.4, Collaborative Planning Forecasting and Replenishment (CPFR) (VICS 2004) 
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'I'hc development of' a set of' tandards to maintain the benefits of' existing C-cominCrcC 
standards (such as Electronic Data Interchange) through accessible technologies such as the 
internet, Value Added Networks etc. has been undertaken and documented by the V ICS 
association (VICS 2002). ('1 FR standards set Out to niaintýiin electronic scan(lards such as 
[SDI when new technology collaboration tools are used to improve supply chain business 
practices (VICS 1999). The benefits to the supply chain by the development of a (TFR 
implementation have been described by VICS association as: 
  l; nlianccd relationships between sellers and buyers (manufacturers and retailers) 
  Greater sales due to an improved business plan 
  Improved Category Management through greater scrutiny 
  Improved product offering through collaboration on product opportunities 
  Improved order forecasts compared with other approaches 
  Greater lead-time for production planning 
  Inventory reductions 
  Improved technology return on investment 
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Figure 5.5, An overview of the 9 stages to the generic CPFR process model (adapted from: 
VICS 2002) 
51 
Chapters 
Implementing the CPFR process has often been based around pilot schemes before 
undertaking a roll-out phase, though every collaborative undertaking will be different, with 
each supply chain partner having different strengths, competencies and levels of 
commitment, however the nine major steps of the generic CPFR process model have been 
outlined in Figure 5.5. 
5.3.3 Technology Supporting Supply Communication 
Several tools and technologies are available to simplify, speed up and standardise 
interactions between supply chain partners and to streamline data processing and handling to 
improve coordination of material handling and replenishment of products. 
5.3.3.1 Electronic Data Interchange and the internet 
Electronic Data Interchange (EDI) has become well established as a means of improved 
communication of standard, regular information between supply chain partners (Mentzer 
2001). Orders are regularly placed by retailers via EDI methods, which are based on agreed 
standards and take place through a Value Added Network, an example of a specialist 
application service provider, a third party through which the supply partners communicate 
(Lowson et al. 1999; McGuffog 1999; Johnston and Mak 2000). The agreed standards give 
the rules for the structure of the document and specify which information is required and 
which is optional. Organisations sending and receiving documents determine what 
information to send between each other, and are referred to as trading partners, with the 
greatest benefit coming in scenarios with considerable environmental uncertainty (Maltz and 
Srivastava 1997). However some larger companies specify the nature and intended use of 
the information to be exchanged and are often unwilling or unable to change. Owens and 
Levary (2002) describe a food processing case where EDI potentially reduced raw material 
ingredient inventory. 
5.3.3.2 Point Of Sale Data 
Point Of Sale (POS) Data is collected by retailers at the store checkouts electronically by bar 
code scanning. Each product has a unique code printed on it's label which is collected with 
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each transaction that the retailer makes. The code allows product information pricing or 
offers to be updated to the bill quickly and easily, and also allows the retailer to gather a 
great amount of demand information, consumer profiling and correlation for marketing 
purposes (Lowson et al. 1999). This data is sometimes made available to supply chain 
partners, notably with Wal-Mart breaking several barriers and supplying manufacturers with 
POS data (Mason-Jones and Towill 1997; Maltz and. Srivastava 1997; Mason-Jones and 
Towill 2000; Barratt and Oliveira 2001; Womack and Jones 2003). Where this data is 
available real-time then planning and forecasting can be substantially impacted, as consumer 
demand can be responded to accordingly. The availability of POS data amalgamated into 
monthly reports is provided by some retailers, which is of little benefit to supply chain 
partners, other than in long term trend forecasting. 
5.3.3.3 Radio Frequency Identification 
Radio Frequency Identification (RFID) technologies received a great deal of media attention 
in their introduction to the food industry supply chain for effective tracking through to sale. 
The technology works on the use of `tags' which are attached to product or cases and 
passively hold information regarding the product until they are `read' by an antennae as 
products pass through that antennae's field of operation (Finkenzeller 2003). The tags draw 
energy from the radio frequencies transmitted by the antennae, and then pass a unique 
information code back through to the information system which is tracking the product. 
Where manual checking of containers and products has been undertaken in the past, even by 
electronic barcode systems, RFID presents significant time savings in that as soon as a 
container passes out of the factory it may be automatically located without the need of a 
human operator searching out the product and scanning it. Current drawbacks to the 
technology are the cost of the tags (at around $0.25-$0.35 each in 2004- with predictions 
prices will fall to around $0.05 (Jones et al. 2005)), consumer concern over privacy invasion 
and the lack of appropriate global RFID standards (Woodland 2005). Benefits of using RFID 
through the supply chain have focused around traceability of products and the reduction in 
the number of out of stocks given the improved visibility of supply fulfilment (Jones et al. 
2005). 
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5.3.3.4 Supervisory Control and Data Acquisitions 
Supervisory Control and Data Acquisitions (SCADA) systems provide the opportunity for 
communications from the production environment to be regulated and control of activities to 
be placed further into the hands of the production supervisors. Such systems cover a wide 
range of techniques and technologies at the most sophisticated end providing full process 
automation and control (Boyer 1999). Simpler cases involve the collection of production 
data for use when making management decisions, active and passive devices can either 
automatically relay data to an IT system or provide production operators with the means to 
input data relating to production conditions (Hurst 2001). 
5.4 Simulation 
There are several forms of simulation, depending on the focus of what is being modelled. 
Dynamic simulations are models that are influenced by time (Gogg and Mott 1993) while 
discrete event simulations are driven by instantaneous actions that occur at points in time and 
are widely used for manufacturing applications (Robinson 1994). Aspects of simulation 
software may incorporate graphical features, such as Visual Interactive Simulation (VIS), 
which has been available since the late 1970s (Bell and O'Keefe 1987; Robinson 1994). 
Software packages of this type incorporate an animated display of some aspect of the system 
and an interaction between the user with the capability to check function validity to give a 
greater understanding and appreciation of results (Hurrion 1986; Bell and O'Keefe 1987; 
Robinson 1994). More effective communications between the user and the simulation 
analyst so that both have an improved understanding of the problem was a key reason in 
developing VIS (Hurrion 1986) which is the underlying communication aid that Alabastro et 
al. (1995) recognise as being crucial when dealing with large teams or when presenting a 
concept. 
Simulation projects generally follow a common set of steps (Law 1986; Askin and 
Standridge 1993; Gogg and Mott 1993; Seila 1995; Lung 1998). Despite similarities, most 
papers emphasise different aspects in applying simulation; Law (1986) outlines model 
elements and where simulation may be applied while Gogg and Mott (1993) provide a view 
of simulation as a planning and problem-solving tool that must be set against a justification 
of costs (i. e. compare against financial analysis, Internal Rate of Return, cash flow analysis 
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etc. ). Askin and Standridge (1993) however emphasise the difference between efficient and 
effective model building and that common practice within projects is the poor generation of 
formal documentation (also shown by Schormann & Perera 1998). Seila (1995) details the 
steps in simulation and provides a modelling methodology while Lung (1998) advocates the 
use of systematic templates for projects and the development of a consultancy database. 
Other articles introducing simulation address issues such as the importance of problem 
solving elements in simulation tools, rather than data processing (Ramsell and Rasch 1989). 
Sterman (1996) focuses on the limitations of various modelling approaches, Salt (1993), 
however argues the case for building simpler models, allowing for easier changes and 
disposal of models in favour of newly released technology. Sources that indicate that most 
simulation projects follow a similar form are generally in agreement in terms of the major 
steps that define the work. These key elements are outlined in Table 5.1 (Law 1986; 
Musselman 1993; Gogg & Mott, 1993; Seila 1995; Lung 1998; Liyanage and Perera 1998; ) 
the approximate proportions indicated for each stage of individual projects having been 
described by (Liyanage & Perera 1998). 
There are a wide variety of software packages available to perform simulation though these 
can be broadly classified as either a simulation language or a simulator (Banks 1991; 
Robinson 1994). Simulation languages can be used for accurate simulation of complex 
systems, though the extensive learning and training required to model with such a package 
effectively is extensive. Simulators can be utilised by those most closely linked with the 
problem, who have a greater understanding of the nature of the problem, without the need for 
expert level understanding required for efficient simulation language use (Robinson 1994). 
Almodovar (1988) stresses that expert simulation personnel may be better employed to use 
simulators and use the time saved to learn in more detail the specific system being modelled. 
This ensures that a working model is produced that will be subject to vigorous analysis; 
however there is still the danger that the root of the problem will be missed and the wrong 
solution supplied as the modeller will not be as well aquatinted with the intricacies of the 
problem. 
55 
( 'hu/)I('r _S 
Project 'Cask Definition Arpr(lxinlate 
Project time 
Problem Definition A \\rittcn statement (, f the problem-sokintm ob1ecti\es. understood I11'ýýý each 
and Analysis by all Involved, and it is the problem that needs `I, I\ in`' 
n and ei i 
HIC models input parameters are Specified and data collected I('I; III\e 
lklari 
Validation o n 
to the model detail. Be data is checked t ensure it is both -10 to 4o'ß4 
appropriate and rep reselltatl\e 
I he model is built from either a simulation language or a simulator, 
C'(, nst rucI orl Model 
it should be it simplified representation of reality, though including 111 to 311°/,. 
enough detail to provide a good apprnxinlatiom remembering that 
this will be used fi, r problem solving 
Verification determines Miether it model correctly performs Qs 
Verification and intended, and validation establishes the credibility of the Irrudel, -I11'%ß 
Validation ensuring there is a correspondence between the real system and the 
model- typically by collectinr and comparing data th, nl both 
l xperinlents are planned to efficiently produce mraningf, ul output 
I: xrerinlentati(m 
data from experimental test runs. I he conditions that produce it 111 to 211'%ý 
change in results can be altered and contrasts between alternative. 
highlighted 
Analysis oh Results 
Statistical procedures should be implemented to measure 
-111'%0 performance, Including. estimates of errors \\hrre possible 
Documentation of the model is good practise to avoid any 
Recommendations duplication of effort, assumptions made in the model should he -5'%, 
noted and if suitable, the model should he implemented 
Table 5.1, Typical stages comprising a simulation project 
Examples of simulation models used t'or performance improvement support or cost/benetit 
analysis undertaken within the food industry as a whole are rare, even in areas of vague 
relevance to a ready-nmeal manufacturer, with Woollen (2001) introducing the concept of 
simulation software for use in the food industry. 
5.5 Lean Manufacturing Philosophy 
There are a range of methods that are available tör effective management of production 
systems one of the most widely recognised of which is lean manufacturing. The concepts 
and mindset associated with lean manufacturing was developed under a philosophy first 
conceived within the Toyota Production System (TPS) as reported by Womack et al. (1990). 
The TPS was developed by engineers working at Toyota. notably Taiichi Ohno to be 
customer focused and aimed to eliminate all stages through production that added costs but 
no value, in other words waste. Muda is translated from the Japanese for waste, with niuda 
being a cornerstone of the lean philosophy (Womack and Jones 2003). Ohno (1988) 
identified the seven original wastes identified as overproduction, waiting, transportation, 
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inappropriate processing, unnecessary inventory, unnecessary motions and defects. A further 
seven wastes have been claimed to exist (Bicheno 2000), covering environmental, human 
potential, inappropriate systems and customer service related sources of wastes. The 
production system developed by Toyota Motor Corporation to provide best quality, lowest 
cost, and shortest lead time through the elimination of waste comprised of two pillars, Just- 
in-Time and jidoka (Ohno 1988), and may be represented as shown in Figure 5.6. Just In 
Time (JIT) pulls the flow of production from the customer rather than pushing from 
production, and is based around as series of signals or Kanbans to indicate when production 
processes should make the next part (Huang and Kusiak 1996). JIT works best with a level 
demand, as reflected through the takt time calculated for production cells (Feld 2000; Simons 
and Zokaei 2005) to facilitate the lean philosophy heijunka which deals with efforts to flatten 
the demand for products (Womack and Jones 2003). 
Standardised work throughout the facility for stability is another prerequisite of the 
philosophy, along with the application of kaizen, or `continuous improvement' whereby 
processes systems or products are deconstructed and put back together better (Bicheno 2000). 
Jidoka has several meanings in English, but can refer to `automation with human 
intelligence' (autonomation) (Ohno 1988) and also stopping a manual production line when 
something goes wrong. 
Goal: Highest quality, lowest cost, 
shortest lead time 
Just In Time Jidoka 
Continuous Stop line and 
Flow Identify prob. 
Takt Time Separate man 
Pull System and machine 
work 
Heijunka Standardised work Kaizen 
Stability 
Figure 5.6, Toyota Production System (adapted from Gemba 2005) 
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As such jidoka contributes greatly to continuous improvement activities, and tics in with the 
idea of poka-yoke, or mistake-proofing (Shingo 1995). Many lean implementations fail, as 
the philosophy requires a mindset change and for cultural underpinnings of the company to 
be sympathetic to the changes that lean manufacture demands. Although there have been 
recent suggestions (Womack 2005) of the application of `fractal' lean concepts to points of 
production where flow and waste reduction can be most benefited without entire production 
systems undergoing the move towards lean manufacture. 
5.5.1 Tools and Techniques to aid lean thinking 
The many tools used to highlight lean manufacture may be grouped to consider either 
analysis and mapping, or production system tactics and a range will be outlined here. 
5.5.1.1 Lead-time mapping 
One of the most simple analysis tools is lead-time mapping, which tracks, quantifies and 
prioritises the steps which contribute the total lead time. The concept behind the mapping is 
to highlight the main causes of delay in the products lead time by arranging the production 
steps which are commonly displayed chronologically in a Gantt chart format, into a Pareto 
format (Bicheno 2000). By severing the process step dependencies and focusing on the lead- 
times, those process steps which may contribute the greatest time savings can be focused 
upon, as shown in Figure 5.7. 
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5.5.1 .2 
Process Activity Mapping 
Process Activity Mapping is a name given to the process analysis style of 11m, aping which 
originated in industrial engineering (Hines and Rich 1997) which may he summarised thus: 
i) The study of the flow of processes 
ii) The identification of waste 
iii) Consideration of whether the process can he rearranged in a more efficient sequence 
iv) Consideration of a better flow pattern, involving different flow layout or routing 
v) Consideration of whether everything happening at each stage is necessary and the 
result should superfluous tasks he removed 
Studies of process activities has been undertaken within industrial engineering to analyse 
process performance and to plan for improvements through waste elimination (Ishiwata 
1997), however the mappings described here directly relate to the activity types, distances 
moved and the elimination of those activities that are unnecessary or wasteful. An example 
of a simple Process Activity Mapping is shown in table 5.2. 
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5.5.1.3 Valuc Stream Mapping 
Distance 
(; yiprox metre 
I11 
M III 
5 
47 
10 
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45 
Value Stream Mapping (VSM) is a Ivan tool, and like all lean tools has as its underlying 
motive the elimination of waste. VSM serves to identify sources of' waste by creating 
visualisations of' the flows (or `value streams') Of product throuLh to final consumer f"0111 
raw materials and tracking which processing steps add value and which do not. VSM 
provides a visualisation of the physical and into rination flows through a particular value 
chain (Tapping et al. 2002). The physical flows through a supply chain concern the 
movement and processing of products and components from raw material right through to 
delivery of finished goods. By intürmation flows, all communications of information 
between supply chain members and also departments within a company which have regard to 
order placement and processing, stock availability and confirmations of orders goods 
received. In short, the process of VSM may be described as (Rother and Shook 1998, 
Duggan 2002) selecting a product family, creating a current-state map then creating a future- 
state map using lean techniques, creating an inýplementatiplan for the future state and then 
implementing the future state through structured continuous improvement activity. 
By selecting a product family, operational issues for each set of individual products are 
separated, simplifying problems so that they may be acted upon more easily. The choice of 
product family has no strict ruling, though it is of most use to identify products with similar it' 
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not identical processing routes as viewed from the furthest point downstream (towards 
customer) in the value chain. Alternative means of selecting product families (where many 
products run to similar process routes) have been demonstrated such as considering products 
with different demand and revenue profiles according to a Pareto split (Hines et al. 1999). 
The primary drawback of the VSM process is its product-focused nature, which makes each 
mapping very specific to a small number of products dependant upon the product families 
determined at this stage of the VSM process. In order to gain a balanced view of the 
performance, product families and their mappings should be decided carefully to be 
representative of the supply chains product portfolio. 
After deciding which particular product family will be the subject of the mapping activity all 
the production steps, wasted time, inventory, product movements and shipments are logged 
to describe the total time from start of value stream to end. The boundaries of the value 
stream are identified to begin with, usually focused within one particular enterprise from the 
shipments of raw materials received and finishing with despatched products, though this may 
be extended to consider supply chain partners as described by Jones and Womack (2002). 
The application of extended value streams have been described as useful for raising the 
awareness of lean issues across supply chain partnerships to drive improvements (Womack 
and Jones 2003). The typical data required to perform the initial steps in creating the `current 
state' value stream map have been described as relating to (Duggan 2002) the process steps, 
cycle times for processing, changeover times between production runs, machine uptime, 
number of operators. This required information may be collected simply by observation. It 
is however emphasised that the data is best collected by spending time within the production 
facility considered and following product flows and witnessing first hand production activity. 
Creating a current state map has traditionally been completed manually on paper, drafting the 
outline of the map using standard symbols and linking these symbols in a standardised way, 
with data relating to process steps and information flows being included at the relevant 
positions on the map. Once the current state map has been created improvements to the 
mapping based on lean principles to improve flow, smooth `pull' through the value stream 
and remove wasteful steps can be made. VSM utilises several other additional tools such as 
the quality and delivery screen for identifying percentages of defective deliveries and defects 
per part per million and decision point analysis (as shown in Figure 5.8) which provides a 
representation of the dislocation point of customer pull and supplier push. 
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Figure 5.8, Decision point analysis for idcntitication of order clecoupling point in value 
streams (source: I lines and Rich 1997) 
This identities where manufacture is based upon actual demand and to what extent 
production must be based upon forecast driven data. The knowledge of where decision 
points lie in a supply chain allows strategic partnershipibenchmarkiºng targets to he set in 
order that decision points may be moved. 
5.5.1.4 Demand Amplification Screen 
One ofthe Lean tools the author recognises as providing considerable benefit to the research 
is the Demand Amplification screen, as described by Jones and Womack (2002). This 
analytical tool simplifies the demand amplification data collected at each site across the 
extended value chain and provides an indication of the incidence of the bullwhip effect on 
the supply chain considered (Hines and Rich 1997; Hines (, t a/. 1999, }lines and Taylor 
2000). When combining the demand amplification diagrams across the value chain, the 
result is shown in Figure 5.9 (Jones and Womack 2002). This screen can then be used to 
show demand across the supply chain and aid decision support for value stream restructuring 
and reduction (and benchmarking) of demand volatility (Jones tq at. 1997). 
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Figure 5.9, Demand amplification screen (indicating bullwhip type am}ýlificati(onn) (adapte(l 
from: Jones sind Womack 2002) 
5.5.1.5 Product Family Analysis 
Product family (also known as product/quantity) analysis provides emphasis to the products 
that require the primary focus of the manufacturer. A simple means of undertaking such 
analysis is to arrange products based upon sales volume (Feld 2000). The dificrcnt products 
may then be grouped relative to their volume of sales for the supply network and it is claimed 
that many manufacturers experience a breakdown of products and volumes as shown in 
Table 5.3 (Glenday 2005). 
- Cumulative Volume Cumulative % of products ----- - ---- - ---- Grouping 
S(ýýö 6°0 1 
95% 50% 2 
99% 70% 3 
100°A) 100% 4 
Table 5.3, breakdown of products and associated volumes (adapted fi-om: Glenday 2005) 
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In this way, it is inferred that the split of products to corresponding volume roughly follow a 
Pareto breakdown (Michalski 1998) which then allows alternative processing arrangements 
to be considered (Charney 1991). Feld (2000) breaks the split of products into 3 groups, 
termed `runners, repeaters and strangers', based on the demand levels and order frequency. 
It is suggested that by organising production so that high volume products are levelled, either 
by manufacturing them together on separate equipment, or in specified level blocks that 
throughput can be substantially improved through improved utilisation of capacity, while 
focus on changeovers for the lower volume products can maintain their throughputs by 
reducing waiting times (Glenday 2005). 
5.5.1.6 Supply Chain Response Matrix 
The Supply Chain Response Matrix is also be known as `time based process mapping' 
however these mappings each aim to represent the critical lead-time constraints associated 
with processes (Hines and Rich 1997; Jones et al. 1997). This straightforward representation 
aids in identifying the bottlenecks in production which contribute greatest to lead-time delays 
(plotted on the horizontal axis); and points to those steps though supply where inventory 
builds up and subsequent waste/costs are created. Cumulative inventory is plotted on the 
vertical axis, showing the amount of working day's material held in the system, with the total 
lead time and inventory time calculated to give a `response' time (Hines and Rich 1997). 
5.5.1.7 Production Variety Funnel 
The Production Variety Funnel outlines the number of product variants through the various 
stages of production, mapping the number of physically different product units at each stage 
against the average process lead-time (Bicheno 2000). The number of part variants is plotted 
on the vertical axis while the lead-time for the processes is indicated along the horizontal 
axis, as outlined in the simplified view in Figure 5.10. The Production Variety Funnel is 
similar to the IVAT analysis (Hines and Rich 1997) which classifies the operations within a 
company as demonstrating an `I', `V', `A' or `T' shape. Convenience food manufacture 
commonly displays the I shape, as shown in Figure 5.10, where many ingredients undergo 
similar processing before being assembled into many final products. 
64 
( 'hu/)1c'r 5 
Preparation 
I'ICp, Irflllo11 ackini. 
OOkIilt I IllIIIIC 
2 
CA 
Cooking I'rocesscs 
-ý' C G 
cl c u CA 
71) 
u 
a, 
2 flours 12 (lours ? Ilour> 2 Ilour. 
I imr 
Figure 5.10. Example ProductlOll Variety Funnel for typical convenience food manutilrturcr 
This tool is of use in widening understanding of how the firm operates and the accompanying 
complexities to be managed (such as targeting inventories for reduction and processing 
priorities), while at the same time highlighting similarities with other industries (tier example 
the convenience food funnel in figure 5.10 is the sane shape as many generic chemical 
plants) (Hines and Rich 1997, Jones ct al. 1997). 
5.5.1.8 Single Minute Exchange of Dies 
The concept of Single Minute Exchange of Dies (SMED) came about from large processing 
industry, where forming equipment underwent lengthy changeover operations when changing 
between products. Drastic improvements were achieved, with a changeover of dies taking 
four hours reduced to three minutes, largely through the conversion of processes from 
`internal' set-ups to `external' (Shingo 1995). Through detailed work study, analysis of 
handling procedures, improved equipment design, increased offline ('external') preparation 
for changeovers and training, the enormous reductions in changeover times were achieved 
(Feld 2000). The principles that drove SMED improvements may be applied to the 
simplification of changeovers of any process, with the goal of eliminating production down 
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time due to anticipated changeovers not simply focused upon equipment interchange 
(McIntosh et al. 2001). 
5.5.2 Lean concepts applied to the food industry 
There are a number of examples of lean manufacturing within the food industry, with 
Womack and Jones (2003) describing the supply improvements in cola cans for Tesco 
supermarkets, while Ohno (1988) was first inspired to develop the Just-In-Time system based 
upon the modern American supermarket. Simons and Zokaei (2005) report case studies from 
red meat processing, comparing facilities utilising takt time with `traditional' processing 
lines, concluding that improved line balancing reduces overproduction waste and requires 25 
percent less labour. Womack and Jones (2003) suggest the future for lean food supply as 
being e-commerce driven supported by collaborative replenishment systems, citing the 
potential benefits being shopper time and total costs being reduced were `direct to consumer' 
shipments made from distribution centres. 
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Chapter 6 
RESEARCH METHODOLOGY 
6.1 Introduction 
This chapter describes the research methodology used in undertaking the research reported in 
this thesis. The formulation of the research hypothesis, data collection methods used over the 
course of the research, the refinement of research concepts and activities and the use of a 
case study to demonstrate those concepts are described in detail as the methodological 
approach is outlined. 
6.2 Research Methodology 
The research methodology is based on an approach beginning with the definition of the 
research hypothesis, followed by the review and survey of relevant academic research and 
industrial practice, definition of research aims and objectives, the undertaking of research 
activities together with experimentation and demonstration of research concepts through a 
case study and analysis of research results. This research methodology is depicted in figure 
6.1. 
The research hypothesis (defined in Chapter 2) was initially formulated through the author's 
previous experience at undergraduate project level whilst undertaking simulation project at a 
convenience food manufacturer. This hypothesis was refined and its validity confirmed 
through an initial round of industrial visits across a range of convenience food manufacturers 
at the start of the research, which was undertaken in conjunction with a survey of literature in 
the food industry domain together with publications in operations management and 
environmental conscious manufacturing subjects. 
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It became apparent at the data collection and verification stage that a combination of 
quantitative and qualitative information would be required which may require direct 
measurement (such as product manufacturing lead-times). The author found that a standard 
questionnaire method of data collection for such requirements was unsatisfactory given the 
reliance on respondent comprehension and accuracy, and the potential poor reliability and 
quality of data that may be returned. Therefore, a system of semi-structured interviews was 
devised whereby a number of manufacturers in convenience food sectors were identified and 
an initial round of letters was sent out with an indication of question areas and a request for 
corresponding visits. This method received a 63% positive response rate, where 
manufacturers were willing to participate in the visits and provide data to the research. The 
author was able to use a predefined list of questions to structure the visits ensuring the 
specified data was collected in each case, and provision was made to allow considerable 
scope to include supplementary information. 
The healthcheck and process modelling stages together with the definition of the waste 
model benefited from subsequent industrial visits to refine the knowledge and information 
collected and to support an iterative process of improvement. The waste model was initially 
drafted through flow charts, however the combination of requirements for process and 
material flow modelling meant that the waste model was particularly well presented through 
IDEFO representation, as shown in section 7.2. In addition, the Responsive Demand 
Management Framework was initially specified using IDEFO methods, which was further 
simplified and improved upon as shown in section 8.2. 
The research concepts were demonstrated through application of each of the research 
activities to an industrial case study that was selected from the convenience manufacturers 
visited at the initial data collection stage. This case study started by definition of a waste 
model for the selected company followed by application of three stages of the RDM 
framework. Research conclusions were drawn from these applications based on the 
analytical assessment of the improvements proposed and achieved in production planning, 
supply chain, and waste minimisation. 
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Figure 6.1, Outline Research Methodology and Research Concept Refinement 
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Modelling Waste in Convenience Food Production 
7.1 Introduction 
This chapter presents the investigation into the modelling of waste generated along the 
production and supply chain within the convenience food sector (CFS). Initial sections of the 
chapter outline the various types of waste created in CFS with the main sections of the 
chapter describe the various manufacturing processes and their associated waste types. The 
main focus in line with research objectives is to identify the processes during which the 
overproduction waste are generated. The chapter concludes by analysis of the environmental 
impact and the costs of these wastes. 
7.2 Waste Model 
One of the major objectives of the author's research is the minimisation of waste in the CFS 
to support a sustainable approach to food manufacture. The model proposed in this chapter 
aims to provide a visualisation of waste in convenience food manufacturers and serves as the 
starting point for realisation of a framework for waste minimisation. The waste model has 
been generated and subsequently refined based on information collected/obtained over the 
course of a comprehensive programme of industrial visits and interviews as described in 
chapter 6. The visits included two ready-meal manufacturers, two sandwich manufacturers, 
two prepared meat manufacturers and one dairy producer, as summarised in Table 7.1 the 
reports from each manufacturer visit are available in greater detail in appendix 1. In 
addition, the publicly available data by government sources on the range and amount of 
waste generated by food manufacturers are used to complement the information gathered 
during the industrial visits and are included in the waste model. These include information 
obtained from Department of Trade and Industry (Department of Trade and Industry 2005- 
b) sources, the Environment Agency and Envirowise website (Envirowise 2005) which 
promotes the economic incentives of waste reduction. 
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The range of wastes created across the convenience ti)od supply chain was briefly mentioned 
in Chapter 1 and is shown in Figure 7.1. These include waste generated during ingredient 
supply, manufacture, distribution, retail, final consumption and disposal. Ingredient supply 
activities in this research refers to the range of processes involved in gathering, preparing and 
transporting materials to a production facilities. In a similar manner, any process undertaken 
to prepare, cook and package the foods are considered in the Manufacturing stage, which is 
the predominant focus of waste minimisation in this research. The following step `Retail and 
Distribution' brings together sources of waste in the downstream supply chain, from despatch 
at the manutäcturer täcility, through Regional Distribution Centres (RD(''s) to individual 
stores where product is stocked on shelves for sale to consumers. The final stage in this 
categorisation of waste in the food supply is the end consumption of the product while wastes 
created at this stage constitute excess food (organic wastes) and packaging wastes that are 
largely disposed of to landfill. IDEFO representation which is one of the most popular 
modelling methods has been utilised to generate the waste model, the IDEF methodology is a 
structured modelling technique initially developed by the US air tierce and has been used 
extensively since for modelling systems (Kusiak 2002). IDEFO representations are easy to 
comprehend with boxes representing functions and arrows representing input, output, control 
and mechanism interfaces while their hierarchical approach has the ability to model a system 
in many levels of detail (Dorador and Young 2000). 
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Figure 7.1, broad description of wastes across the t*ood supply chain 
Figure 7.2 presents an IDEFO representation of various stage identified in the tiuoct supply 
chain and their associated waste types. These various types of waste are described below. 
7.2. / Bulk Wastes 
These wastes are associated with the preparation of ingredients and may include inedible 
parts of the ingredient, such as stems, leaves, bones, excess animal tat etc; contaminated 
material or ingredients, such as outer layers of vegetables that are spoiled, and even soil or 
debris on the ingredients which needs to be removed by washing or mechanical means. The 
costs of these wastes are low, the mechanisms by which they are collected being their 
primary expense, and provided they are disposed of responsibly present little environmental 
hazard, being almost wholly organic material. 
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7.2.2 Water Wastes 
Water is used in large quantities in food processing, predominantly in the preparation, 
cleaning and cooking stages of the product's life cycle, as indicated in Figure 7.2. Water 
may form an ingredient for many products, but the waste water as described in this context is 
the water reclaimed at the end of the process either as a carrier for dirt and contamination or a 
bi-product from cooking or processing operations. To expand upon this, water (along with 
detergents) is the primary method for cleaning machinery and facilities of food deposits and 
contaminants, and large volumes of fresh clean water are used daily for this process. In 
addition water may be the medium by which cooking operations are completed, with many 
processes based upon the use of steam or boiling water to cook, and blanching or chilling 
using cold water. In some cases it may be possible to recycle the water after filtration, for 
example in Sous-vide manufacturing (see section 4.4.2), where the product is not in contact 
with the water throughout processing. However most applications result in the water having 
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the bulkiest debris filtered out and the contaminated water being disposed of to the drain or 
groundwater. 
7.2.3 Processing Wastes 
Processing wastes as considered here may be due to a number of different sources, and may 
be further described as being due to poor housekeeping procedures, process inherent losses or 
poor conformity. 
7.2.3.1 Poor housekeeping 
Spillages, damages and contamination of product may be caused by operator neglect or poor 
handling procedures, forming equipment making improper seals on packs etc. The creation 
of such wastes will largely result in waste product being spilt to the floor which will be 
disposed of as either bulk wastes or as trade effluent when the equipments and production 
areas are cleaned. In more unusual cases where housekeeping issues result in considerable 
waste being created these will be disposed of to bulk wastes. 
7.2.3.2 Process inherent losses 
Such losses are anticipated for imperfect processes for example as product yields are subject 
to variability and may result in wastes where a batch of ingredients yields greater amount of 
product than was planned for. Similarly, where ingredients under-yield, the other ingredients 
they were to be combined with may end up as bulk waste if they cannot be used for other 
products before their shelf-life expires. Bi-products in this context are materials that are 
created by the manufacturing process but have little or no value and cannot be used 
elsewhere, they may be well anticipated in production such as estimated volumes of juices or 
animal fats created with product which are removed and disposed of to give the desired 
product quality or consistency. Although not in a strict sense a waste, a number of product 
units must be kept from each production run for traceability and microbiological testing. 
These test products are kept in chilled conditions until such time that they are tested and 
passed or expire, at which time they are added to the facility's commercial waste. 
`Giveaways' of product to ensure each individual product foil is above the specified weight is 
not considered a waste as part of this research, rather a cost to the manufacturer from 
ineffective process control. However should weight measurements be completed more 
accurately then is planned for (i. e. operators weighing closer than anticipated to the specified 
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limit) then excess ingredient may be left-over and made waste at the end of a production run 
as a result of less "giveaway" than planned, however the reduction of such giveaways is 
beyond the remit of this research. 
7.2.3.3 Poor conformity 
Wastes may be created at any time for any ingredient or product failing to adequately 
conform to specifications, with all final products being tested for quality, consistency, 
appearance, flavour and aroma etc. Rejected products may be packaged foils and be added to 
standard refuse waste or may be batches of sauces, meat or pasta for example that can be 
added to bulk organic wastes. 
7.2.4 Packaging Wastes 
Packaging wastes are widespread in the food industry to prevent contamination or spoilage of 
foods they are often packaged to protect them from their immediate environment. Packaging 
can vary from large paper based sacks for bulk ingredients to various plastic bags sheets and 
pouches depending on the product and situation. Some ingredients are packaged specifically 
for a processing operation and then have to be removed from that packaging for subsequent 
processing, (e. g. vacuum packaged meats) the material properties and specific nature of the 
packaging used being engineered for each application, though they are all disposed of in 
similar manner- to commercial waste disposal. 
7.2.5 OverProdution Wastes (OPTS 
OverProduction Wastes constitute significant cost to the company as materials and resources 
in manufacturing are wasted given that the product no-longer has an end customer. OPW 
may be used to describe batches of ingredients that have been prepared before order 
confirmation decreases in volume and cannot be re-directed before expiry. In such cases the 
ingredients will typically be scrapped to commercial waste and landfill as many own label 
manufacturers cannot re-direct the product to different customers in keeping with their 
agreements with the Retailers. It may be possible to reduce the impact both commercially 
and environmentally of OPW by the authorised extension of the products shelf-life by a 
companies technical department for those products to be sold at cost prices in the staff shop. 
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Such practices are not always feasible, and it is the authors contention that a structured route 
to reducing incidences of OPW must be sought. 
7.3 Waste in the Manufacturing Stage 
The main focus of the research reported in this thesis are the wastes from production that will 
be described in greater detail in the remaining sections of this chapter. When considering 
manufacturing wastes, we must first establish the production processes undertaken to 
produce each product. Ready-meals and convenience foods are often varied in their form 
and format, and as such the processing of each product likewise varies. Nonetheless a 
generic process route has been defined and used as the basis for this waste model, 
encompassing activities common to most products. Figure 7.3 is an IDEF representation of 
these production processes within the manufacturing stage. This represents a breakdown of 
the activities in the manufacturing phase (box A2 in Figure 7.2 above) which are described in 
treater detail in sections 7.3.1 to 7.3.6. 
Convenience Food Manufacture 
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7.3.1 Goods Inwards 
Raw materials arrive in bulk to the manufacturing facility and are typically checked upon or 
shortly after arrival for quality and fitness as required by the company's specified standards. 
It is unusual for ingredients to be found unfit at this stage, however any obvious damages or 
leakages that have occurred in transit can be quickly isolated to the commercial or bulk 
waste. Packing material is also created at this stage as ingredients are broken down into 
easier to handle trays or trolleys. 
7.3.2 Ingredient Preparation 
Preparation of ingredients may include washing, trimming inedible or excess parts, pre- 
measuring and weighing ingredients for a recipe, removing material from the packing cases 
or bags, storing or sealing ingredients into bags or pouches prior to processing or simply 
holding the product in the chilled `Prep' area until it reaches the required temperature. As 
such the wastes created by the initial product preparations will include packaging material 
wastes, bulk wastes and waste water. 
7.3.3 Cooking/ Process Steps 
Processing wastes as described in section 7.2.3 predominate in the cooking stages of 
convenience food manufacture with each of the three forms of processing waste being 
possible to create on virtually any equipment for any cooking process. That is not to say that 
process improvements and control cannot eradicate such wastes, in fact the reason for the 
distinction between bulk wastes and processing wastes is in order that such wastes be 
measured and improved upon. However, the establishment is that processing wastes are 
common in this form of manufacturing and can be generated at almost any stage of the 
cooking phase. 
7.3.4 Pre-Fill Preparation 
The simplest stage following cooking in most cases may be a cooling period where the 
cooked product must be held in a blast chiller to ensure its temperature is within a specified 
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limit. For cooking processes that have used bagged ingredients, the cooked product may 
need to be recovered, either manually or automatically from the packing, which will generate 
more plastic packaging wastes. It is at this stage (i. e. once cooking cycles have been 
completed) that OPW may be created by products becoming unnecessary as order volumes 
are confirmed. In such cases the production planner will typically try to balance schedules 
and make use of the ingredients before their shelf-lives expire, however should this prove 
impractical the OPW will be disposed of as bulk waste. 
7.3.5 Filling and Packing 
Filling refers to the assembly operation of adding cooked ingredients and materials to a tray 
which is sealed and then subsequently packed ready for shipment. Filling operations are 
typically undertaken on an assembly line using manual labour, supported by some automated 
processes, for example products having valuable ingredients being manually weighed before 
having sauce deposited into the tray which is sealed, weighed, labelled and x-rayed 
automatically. Some processing machinery inherently creates greater processing waste 
through poor reliability (notably seal formers) or the excess product they are unable to 
deliver to the line (such as sauce depositors that do not fully empty) creating wastes which 
are disposed of during the cleaning stages after production. As before, considerable waste 
water is generated in cleaning the assembly line and OPW (of packaged ready to ship 
products) can be generated as volumes are confirmed, however at this stage packaged 
product is no longer able to enter the bulk waste stream as easily and may more commonly 
be disposed of as commercial waste. 
7.3.6 Despatch 
Once the product has been packed into cases at the filling and packing phase described 
previously no further processing is required, however the exact quantities required for 
transportation to each RDC may highlight the OPW wastes that were not identified by the 
filling operators, or alternatively the order volumes may only be confirmed at this stage. In 
either case the finished packaged product may then be disposed of to general commercial 
waste should the demand have been over-estimated. 
78 
Chapter 7 
7.4 Analysis of Wastes from Convenience Food Manufacture 
Three analysis methods have been used to identify the most appropriate approach for 
minimisation of waste in CFS, these methods being Waste Inventory analysis, Cost versus 
Environmental impact analysis and Reduce Re-cycle Disposal (RRD) Analysis. Each of 
these techniques of analysis are described in the following sections. 
7.4.1 Waste Inventory Analysis 
In order to assist in the consideration of wastes generated through convenience food 
manufacture and supply, this research has designed and proposed a systematic procedure for 
highlighting the wastes identified through manufacture in section 7.3. The aim of waste 
inventory analysis is to effectively summarise and highlight the data collected which aids in 
identifying means by which waste creation may be reduced. 
Preparation- Cooking- Preparation- Filling- assembly Despatch- 
ingredient de- boiling and de-bag ingredient of ingredients and Shipment of 
bag and clean chilling product from cooking sack packing demanded Product 
Bulk Organic Bulk Organic Bulk Organic Bulk Organic Bulk Organic 
Water Water Water Water Water 
0.5 litres per 
4 litres per SKU 
cooking and clean 
Packaging 0.2 litres per 
SKU Packaging SKU 10 packs per g 
Packaging Packaging SKU Packaging Process 
25g plastic per 
Process Process 20g plastic waste 
Overproduction 
SKU 4 kg commercial O. S kg commercial per 
SKU 25 Kg packaged 
Process waste per 
batch 
waste per 5 batches Process and cased 
Overproduction product per shift 
Overproduction Overproduction 75g commercial 
waste per SKU 
Overproduction 
15 Kg unpackaged 
product per shift 
Figure 7.4, Example Waste mapping for Convenience Food Manufacturer 
Summarising the sources of waste through production is achieved through creation of a 
Waste Inventory diagram, which summarised the data available relating to wastes created at 
each stage, as illustrated for an example product in Figure 7.4. Each step of the mapping 
draws upon the associated wastes indicated from section 7.3, highlighting the salient waste 
creation data created at that stage, summarising the volumes generated for each classification 
of waste outlined in section 7.2. This Waste Inventory analysis provides a high degree of 
flexibility as to its form and construction, with little rigidity required in the type of data 
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collected, as the inventory serves to indicate only rough-cut volumes of waste created at the 
various stages of production. In addition, the inventory analysis diagram provides a powerful 
tool to undertake a benchmarking activity so that manufacturers may measure their 
environmental performance, and as such may include varying metrics of weight, volume or 
products, even costs of wastes created. Reduction of wastes in some cases requires 
significant changes to the way in which current production processes are undertaken, with 
investment or redesign necessary in many cases. The construction of the Waste Inventory 
diagram presents the case for those situations where simple changes may account for 
significant waste reductions through heightened awareness from the measurement of wastes. 
Finally, the waste inventory diagram could be used to prioritise the required investment and 
improvements. 
7.4.2 Cost versus Environmental Impact Analysis 
As described in Chapter 4, waste may be measured as a financial loss to the manufacturer, 
and as such may be an economic driver for change; or may be accounted for by a physical 
measure of weight or volume with associated environmental implications for landfill and 
disposal. Whilst it is intuitive that a weight of waste is the simplest and quickest measure to 
obtain, in practice manufacturers may prefer to collect information relating to the costs of 
materials that are being disposed of and as such `costings' have been found to be more 
readily available than weights and volumes of waste created. Estimated volumes of product 
ingredients are recorded by some manufacturers from which cost of wastes can be calculated. 
The form of the waste must also be considered when analysing the material being disposed of 
in production, for instance the environmental consequences of disposing of a large amount of 
biodegradable organic matter and a relatively small amount of hazardous or non- 
biodegradable material will have a considerably different impacts. Similarly, the cost 
calculation undertaken by manufacturers will reflect these differences as large volumes of 
bulk wastes such as trimmings have little or no value. However, disposing of finished 
products that have been subject to lengthy cooking cycles and packaged in plastic before 
being disposed have an appropriately higher associated cost, taking into consideration the 
resources and materials consumed in manufacturing the product. 
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Figure 7.5, Production Wastes for Convenience Food Manufacturer, over one month period, 
classified by cost of waste and by estimated number of product units 
However the author contends that in the general case OverProduction Wastes (having a high 
cost impact for the manufacturer) also contribute the greatest environmental impact through 
consumed resources, materials, water, energy and wasted packaging materials. 
OverProduction Wastes impact several other forms of waste that may be easily identified by 
ready-meal manufacturers, including ingredient expiry and oversupply. Identifying such 
wastes as being attributable to sources other than OPW disguises the extent of 
overproduction and the actual costs caused by OPW, which is already one of the biggest 
waste costs for convenience food manufacturers, running at 40-50% in some cases. OPWs 
are commonly only measured where product has completed manufacture and has been 
packaged ready for despatch and sale. Disposing of product at this stage directly to 
commercial waste streams (which is common practice) is extremely wasteful, however some 
manufacturers prefer this solution to the relatively more costly method of separating the 
organic matter from the plastic packaging to different waste streams, particularly where large 
volumes of products would require such separation. 
Planning errors and OPW contribute greatly to the amounts of waste created by convenience 
food manufacturers, thus analysis of a company's wastes to determine precisely how many of 
those wastes may be attributable to OPW as described in this thesis, is required to establish 
the extent of improvements that may be made. Costs associated with the creation of OPW 
will maintain manufacturer focus on waste reduction, while the environmental impacts of 
such wastes will be benefited whether the exact implications for the environment are 
calculated or not. 
7.4.3 Reduce -Recycle - Disposal Analysis 
The following Reduce - Recycle - Disposal (RRD) analyses have been designed and 
proposed by the author's research as a method of simultaneously considering three activities 
of reduce, recycle and disposal for each of the waste types identified in section 7.2. These 
approaches are considered in a hierarchy, with the reduction of the sources of wastes being 
followed by the re-cycling of materials where possible in order to minimise the amount of 
waste that must be disposed. Figure 7.6 represents a Reduce - Recycle - Disposal Diagram 
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which are used to summarise the inputs and outputs to waste model, with inputs 
corresponding to the production and supply activities and the outputs to systematic suggested 
steps in reducing, recycling and safe disposal of the waste type being considered. In some 
cases a number of techniques are available to reduce the creation of wastes, and as such each 
is identified and may be implemented concurrently. The RRD diagram for OPW is the major 
focus of this research, and is depicted in Figure 7.7, while the RRD diagrams for the other 
waste types are included in Appendix 2. 
Supplier 
b Waste Type 10 Reduce 
P Goods Inward 1 
Preparation º 
Cooking Cycle 
-ý 
: Bulk Organic 
Prep/ Pack/ Fill : Water Re-cycle 
_ 
Despatch _ 
Processing 
Packaging 
Distribution OPW Dispose 
Use and Disposal 
Figure 7.6, Generic waste support representation through convenience food supply 
Entire elimination of wastes at any stage will be highly unusual, realistically only the point of 
waste creation will be shifted for most instances, although substantial changes to business 
practices or technological investment may yield clean processes. As such the primary focus 
of the RRD analysis is to minimise the creation of any wastes and thus the impacts to the 
environment those wastes could make. Such changes include lessening the volumes of 
wastes created through more accurate or efficient manufacture and supply, ideally aiming to 
eliminate the wastes entirely. Recycling as part of the RRD analysis considers all 
opportunities for re-use of materials through production and also the preferential sorting of 
materials to separate waste or re-use streams to maximise the environmental benefit reaped 
from each product or component in keeping with the industrial ecology concepts described in 
section 4.2.2. Landfill and incineration are the disposal options in each case with the 
exception of waste water. These are the common waste disposal streams for industrial and 
household waste, with incineration being preferred in most cases, provided the calorific 
content of the waste is such that significant amounts of energy can be generated from the 
wastes. 
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Forecast Accuracy 
Reduce Production-Lead Times 
Pre-Fill Prep Increase Order Lead-times Reduce 
Manufacture Packing/ 
Over Production Increase planning flexibility 
Waste 
Filling 
Component re-direction 
Despatch Separation to packaging/ Recycle 
Bulk Organic Wastes 
Distribution 
Incineration 
Landfill Dispose 
Figure 7.7, OverProduction Waste sources and Reuse Hierarchy 
Overproduction Wastes are created late in the production sequence, either by latter stages of 
manufacture, or through the Distribution channels as demand fluctuates. As indicated in 
Figure 7.7, the reduction of such wastes would be greatest from accurate forecasts upon 
which manufacture could be based, followed by the changes to lead-times to enable products 
to be manufactured to order. Improved planning flexibility will result in faster turnaround of 
production plans which again will reduce the volumes of OPW created. Methods by which 
OPW may be reused comes through the re-direction of ingredients to alternative products to 
follow demand, the offloading of finished products to alternative customers or ultimately the 
separation of completed products to separate waste streams (i. e. plastics and organic matter 
rather than commercial waste). 
7.5 Summary of the analytical results 
The result of these analysis activities all indicate that OPW is the most concerning type of 
waste as this results in high inventory wastes, costs and environmental impacts. The RRD 
analysis has shown that the most effective approach to deal with OPW is through reduction 
of production and order lead-times and the improvement of planning flexibility. This has 
been investigated through the Responsive Demand Management (RDM) framework as 
outlined in chapter 8. 
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Chapter 8 
Responsive Demand Management Framework to Minimise 
OverProduction Waste 
8.1 Introduction 
This chapter describes the Responsive Demand Management (RDM) framework that has 
been generated to provide a systematic approach to minimise OverProduction Waste (OPW) 
for convenience food sectors. The chapter begins by identifying the OPW related to the 
manufacturing and order lead-times. The main sections of the chapter describe the RDM 
framework and its three stages, namely health-check, production and order lead-time 
improvement and reactive production planning. The chapter concludes by considering issues 
related to implementation of RDM framework. 
8.2 Manufacturing Lead-time and Order Lead-time 
OPW are created in part as a reaction to planning complexities that are created by the 
intrinsic pressures of the convenience food sectors as outlined in chapter 7. The creation of 
OPW hinges around the combination of a number of factors which constrain the supply 
system. This research has tackled this situation by the methods outlined in this framework 
under the provision that: 
  Demand for convenience foods, notably ready-meals will remain volatile 
  Product shelf-lives will remain short, given consumers demands for fresh foods, free 
from most preservatives 
  Processing times will remain high, given the convenient nature of the product 
Shelf-life constraints when combined with volatile consumer demands, retailer ordering 
policy, lengthy processing and capacity constraints result in production plans being based 
upon forecasts and subsequently substantial wastes being created. Two such factors 
contributing to this complex planning problem are the long manufacturing lead-times and 
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short order lead-tinlcs associated with rrnlvenienrc foods. I IIcsc" twoº factors 11'C considered 
in the initial stages of' the RIM framework with the min of inlpro ing (reducing) the 
manufacturing Iead-tiiiies and increasing the given oraler lead-tinte to maim facturrrs. BY 
improvement of these lead-times the author reasons that the situation will more closely 
approximate to a Make-"1 o-Order system with simplified srlndluling recluirciluents. Figure 
S. I depicts the major goal of tllc RDM Framework that is to reduce manag tcturing lead-tinges 
and maximise the order lead-time available to manufacturers, as illustrated in part c) of the 
Figure. The RDM framework aims to identify the underlying conditions that serve to create 
long manuf teturing lead-times and short order lead-times and to improve these Iead-fillies SO 
that a Make-To-Order approach becomes feasible (i. e. order lead-time exceeds 
manufacturing lead-time). However it' these improvements do not allow it Make-Too-Orddcr 
approach to he adopted, a hybrid two-stage planning approach has been investigated as part 
oFthis research to minimise OPW. 
ýlanufarttidng ILad-tinii 
Order Lead-tine 
Order ti1irt Of I)ucI); itr IiIlk, 
Plaeeuxnt Production 
a) Representation ofMakc-To-Order nunu1 i tune 
ManuI ctuiing I. ead-tit IC 
Statt of' Older I)ur I >atr I inxc 
Production Placcnknt 
h) Representation ofcurrent scenario in convcnicnce food nmanutäcturc 
NIanufäctuting 1rad-linie 
Start oI Or(lcr I)uc Date inxC 
Production Placement 
c) Major goal of'RDM Framework to minimise manufrictw-ing lead- 
time and maximise order lead-time 
Figure 8.1, Relationships between Manufacturing lead-tine and Order Icad-tinme tier I-ood 
Industry Manufacture 
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This two-stage planning is based on classifying the production processes into two categories 
of standard and specialised operations where standard operation refers to common processes 
required by a range of products, and specialised operations deliver the product's identity, 
such as assembly or packaging. The two-stage planning method utilises a hybrid approach 
based on static and dynamic planning in which standard operations are planned based on 
forecasts and standard scheduling rules and specialised operations are finalised as plans after 
confirmation of demand using a dynamic approach. The details of activities in the two-stage 
planning has been described in chapter 9, the remaining sections of this chapter describe the 
various stages of the RDM framework. 
8.3 Responsive Demand Management Framework 
The Responsive Demand Management (RDM) framework consists of a number of distinct 
stages which are linked as shown in Figure 8.2, these stages were initially drafted using IDEF 
tools as described in chapter 7, however for clarity the framework has been outlined as 
shown in Figure 8.2. In this way data gathering, process modelling; the operational 
improvement tools and techniques, and planning procedures are considered sequentially 
within each stage of the RDM framework. The author would like to state that although 
applications of the health-check, process modelling, simulation and VSM are not unique to 
this research, the sequential use of these techniques as suggested by the RDM framework 
provides a novel optimisation approach for production and supply chain activities prior to 
application of two stage planning. Furthermore, while it is acknowledged that this 
framework could be expanded upon to reduce other forms of waste as identified in the Waste 
Model (see chapter 7) OPW is maintained as the primary focus of improvement procedures 
within the RDM framework. 
The principle means of collecting information relevant to the RDM framework is completed 
by two complementary elements of the initial stage, namely a health-check for ready-meal 
manufacture and process modelling. The health-check gathers information concerning 
supply chain practices, information flows (which are difficult to obtain by direct 
measurement) through a questionnaire, with detailed production data being gathered through 
process modelling. The health-check also serves to highlight and provide context to the 
current practices and inefficiencies currently in place. 
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RDM FRAMEWORK 
Ilealth-check I 
Manufacturer and Supply Network Data Production System Data 
I 
-- -i 
Tem late- based data Value P Process Modelling Stream 
collection MTping 
Data for I rovemcnt activitie 
Production and Supply chain Improvement 2 
Product 
Process Production Process SUPPIY Chain Suppy Chain 
L 
Resource Improvement mprovernent Data Flows 
Layout Technology 
Modelling Decision 
Support 
Reactive Production Planning 3 
Forecast data Confirmed Retailer Orders 
Static Planning Dynamic Planning 
Soft Schedule Hard Schedule 
Figure 8.2, Major elements of RDM Framework showing interrelations 
The process modelling stage requires information from the health-check and in addition 
requires considerable data to be collected by means of observation of current production and 
material handling practices. The current state of the supply chain is considered as part of the 
process modelling activity, and further serves to outline the ineffectiveness of current 
practices undertaken and serves as the baseline against which improvements may be 
compared. The data collected at this initial stage is then communicated to the remaining 
stages which consider the improvement of production processing and Supply Chain 
procedures that impact production and order lead-times. Figure 8.3 illustrates the application 
of the RDM Framework, indicating the points at which changes and improved performance 
will impact the production system. It is at these points that the changes made could 
potentially allow manufacture to begin after confirmed orders (i. e. a Make-To-Order 
approach) have been placed, provided sufficient scope for improvement has been found. 
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Network, 
Manufacturer and Health-check 
waste information 
Collected Data 
Process 
Modelling 
Manufacturing Lead- Production 
time reduction tools & Processing 
Simulation Improvements 
Are Manufacturing 
Yes Lead-times short 
enough to be 
completed after order 
confirmation? 
No 
Order Lead time Supply Chain 
improvement techniques Improvements 
& Value Stream Mapping 
Are Manufacturing 
Lead-times short Yes 
enough to be 
completed after order 
confirmation? 
Static and Dynamic No 
Planning of jobs based on Reactive 
standard or specialised Production 
operations Planning 
Minimised OverProduction Waste 
Figure 83, Flow chart representation of RDM Framework indicating interrelationships and 
decision points. 
8.3.1 RDM Framework Functional Stages 
The three stages of the OPW Minimisation Framework (see Figure 8.2) are briefly described 
below and are discussed in more detail in the remaining sections of this chapter. 
i. Health-check and Process Modelling 
The consideration of efficiencies of the manufacturers and associated supply chain forms the 
focus of the health-check, which benchmarks the effectiveness of the information flows 
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across production and supply chain processes. Process modelling of the production system 
of the manufacturer is based on collected data and provides visualisation of `current state' for 
use in latter stages of the RDM framework, as outlined in section 8.4. 
ii. Improvements to Production and Supply Chain Processes 
This stage of the framework aims to reduce production processing lead-time by compressing 
the time taken to manufacture products as far as is physically possible. In addition, the 
information flows and other contributing factors in delaying the communication of consumer 
demand data to the manufacturers are analysed to improve order lead-times. The 
improvement methods arising from this stage of the framework are described further in 
section 8.5. 
iii. Reactive Production Planning 
A reactive approach to planning of the manufacture of ready-meals is applied in this stage of 
RDM framework to cope with the late confirmation of orders and demand fluctuations, in 
order to minimise wastes as a result of overproduction. Chapter 9 describes the functionality 
of this novel planning approach based on OPW minimisation in detail, with a brief overview 
included in section 8.6. 
8.4 Health-check and Process Modelling 
The primary stage of the framework requires the collection of various forms of information 
and as such two different methods of collecting different forms of data have been designed. 
The required information may be broadly classified into general information (production, 
supply chain, waste and planning) and specific processing and manufacturing data. The 
health-check questionnaire is primarily concerned with the collection of information relating 
to the supply network, waste creation and planning information. This information is gathered 
via template based questionnaire and made available to the process modelling activities and 
the further stages of the RDM Framework. Process modelling of a production facility 
collects specific production data and aims to model material flows through the company, 
providing a `current state' representation of the manufacturing activities. 
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8.4.1 Health-check 
The term health-check has been coined by this research in recognition of the work 
undertaken in considering production performance and supply network `health', and the 
means by which it allows manufacturers to critically assess their role and position within 
their supply chain. The health-check has been compiled with the intention of collecting the 
information required for completion of the analyses regarding supply chain reaction 
notification. The data identified by the questionnaire is largely required from those personnel 
working with direct experience of the supply network and communication channels and may 
require the input from several staff from different departments and companies. The 
information identified to be collected within the health-check can be summarised as: - 
i) Manufacturing and Order lead-times 
ii) Processing routes 
iii) Supply Chain Dimensions 
iv) Supply Chain Mechanisms 
v) Demand Management 
vi) Production Planning and Control 
vii) Waste 
Under each of these seven sections that form the health-check questionnaire, Sections i)-v) 
are specific to particular products, and require ranges of data while sections vi) and vii) will 
remain constant across most products considered. A sample from the health-check 
questionnaire is included in Table 8.1, with the following questions underpinning the 
generation of the questionnaire: 
i) To what extent do manufacturing lead-times conflict with order lead-times times? 
ii) What is the shortest theoretical manufacturing lead-time when running near full 
capacity; how can this be further reduced, and made easier to attain under normal 
operating conditions? 
iii) How is the supply chain structured from a material flow point of view from suppliers 
through to distribution and retail? 
iv) How is information communicated through the Supply network, with particular 
emphasis on the order processing cycles? 
v) How swiftly and to what effect is demand data communicated upstream through the 
supply network? 
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IIcaIth-check 
a)_ i \\ hat are current order Iead-times (in hours? ) 
Longest order lead-time 
Shortest order lead-time 
b) Identity the ranges ot'production lead-times (in hours, the total time for all 
manufacturing operations) 
Production lead time: Hours (product: 
Production Lead-time hours (product: 
a) What are the range of Shelt-lives of roducts manutäctured, what is average shelf-life'? 
Longest: 
Average: 
b) What are the typical ranges of changeover between product runs" 
c) I low many products does the company produce? How many component ingredients are 
required'? 
d) Uo products require dedicated tooling or operators due to process/ part etc? if so identify 
the processing mutes affected. 
Table 8.1, Sample page of health-check questionnaire 
vi) Flow is production currently planned; what is given priority when jobs are scheduled'? 
vii) What environmental wastes does the supply chain create; are these wastes managed 
and can they he improved upon? 
The data that is gathered may in some cases require ranges of values typically with the 
maximum and minimum expected values being collected. This health-check information 
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may be compared against leading supply chains in the same sectors, as part of a 
benchmarking exercise to demonstrate the current state of production and supply chain. The 
data collected under the health-check relating to the creation of waste and the company's 
environmental impacts serve to highlight the areas for improvement, with particular regard to 
OPW for the supply chain. Each form of waste identified in Chapter 7 can be scrutinised at 
the supplier, manufacturer and distributor levels, and where such wastes exist, the health- 
check gathers information regarding whether the waste is disposed of, recycled of reused in 
some way. 
8.4.2 Process Modelling 
This section outlines the modelling of physical and information flows which is achieved by 
utilisation of Value Stream Mapping methods, as described previously in section 5.5.1.3. 
The inputs to the modelling process require collection by simple observation and 
measurement which is completed using a set of templates for data input by the process 
modeller. A number of open templates for data collection were constructed, examples of 
which are found in appendix 3 covering each of the identified input data elements required. 
A form of process activity modelling was used to identify each of the production processing 
steps as shown in Table 8.2. Mapping of value streams was completed using eVSM software 
(GumshoeKl Inc 2005) to provide an easily communicable layout, which is outlined in 
Figure 8.4. 
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Figure 8.4, Value Stream Mapping of critical path in ready-meal manufacture presented in 
eVSM software 
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Detailed process steps Value Creating 
Steps 
Total Time 
(minutes) 
Value Creating 
Time (min) 
Transport Link I 
Direct shipment (51) miles) 60 
Manufacturer 
Receive and storage placement 10 
Held in storage 120 
Transport to preparation (prep) area 10 
Waiting in prep area 120 
Cut prepared I I 45 seconds 
Loaded into vacuum package 10 seconds 
Vacuum packaged I 
Waiting in prep area 60 
Transport to cookhouse 10 
I Held in cookhouse prior to loading 45 
Loaded into mould and automated system 20 
Cook/cool/chill and unload 2 420 360 
Waiting in cookhouse 30 
Transported to blast chiller 15 
Held in blast chiller 60 
Transported to prep area (assembly line) 10 
Held in prep area 45 
Debagged/portioned and added to tray 45 seconds 
Held in tray in prep area 60 
Transported to line 2 
Waiting with operator 15 
Weighed, added to tray and put on line 3 20 seconds 20 seconds 
Line tilled, checked, sealed, sleeved 4 I 20 seconds 
Waiting in despatch to be boxed 2 
Boxed and stacked on pallet 30 seconds 
Waiting on pallet until despatch I Sp 
Loading onto truck 10 
Transport Link 2 
Direct ship to RI)(' (1011 miles) 150 
Regional Distribution Centre 
Unload truck 10 
Store awaiting full truck 120 
Reload truck for daily shipment 10 
Transport link 3 
Ship via multi-drop route (75milcs) 240 
Retailer Store 
Accept and unload into store Ip 
Table 8.2, Production Processing steps on critical path of ready-meal for an extended value 
stream (based upon: Womack and Jones 2002) 
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Total Value Creating 
Number of steps 34 4 
Time 1849 min 45 sec 361 min 25 sec 
Transport Distance: 225 miles over 3 links 
Table 8.3, Summary of Value Stream Steps 
The data boxes associated with each process step may be configured to display any 
information deemed appropriate to the process, capacity and uptime being used in this 
example. The main measurement from the mapping is production time which is shown along 
the bottom of the figure in the `lead-time ladder'. This `lead-time ladder' identifies the time 
taken for all stages of production and summarises the Value Adding and Non Value Adding 
steps. The visual representation of the mapping provides a record of the information channel 
structure and inefficiencies. The material flow element of the representation gives immediate 
indication of the wasted time in a production facility and provides straightforward starting 
point for improvement activities, based upon priority elimination of time-wasting steps. In 
addition to the regular mappings, this stage of the RDM framework combines VSMs of 
component ingredients onto single mappings by neglecting the associated intbrmation flows 
(which are largely similar for each value stream). This summary of component ingredients 
provides an overall view of each product, which despite staggering lead-time ladders, 
provides a useful overview cif processing. The Physical Actions for the above example are 
summarised in Table 8.3, the main processing activity in this example is a long cooking cycle 
of 36() minutes, which is a major clement of the value adding processes in production. 
8.5 Production Processing and Supply Chain Improvements 
The data related to information and material flow gathered in the first stage of the RDM 
framework is utilised to improve manufacturing and order lead-times. A number of 
contemporary techniques have been utilised in a bespoke sequence identified by this research 
based upon products, processes, resources and layouts in order to achieve this goal, as 
described below. 
8.5.1 Production Processing Improvements 
The specific li od industry requirements that have been identified as significantly 
contributing to manufacturing lead-times are: - 
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  Hygiene considerations 
  Changeovers of equipment 
  Specialist processing operations 
  Thermal processing and `lag' times 
Hygiene delays are most noticeable at changeovers, when equipment requires rigorous 
cleaning between production runs. Where production consists of many small volume product 
runs, there may be many changeovers, and thus the time for cleaning equipment, rather than 
processing, may be long. Additional constraints on the production system come where 
processing operations or ingredients may be specific to particular products requiring 
specialist personnel or equipment to be processed, placing great importance on the resources 
being well managed. Cooking operations may be lengthy, with some techniques taking many 
hours to complete. Similarly, chilling products down to an acceptably low temperature may 
also take a number of hours, where the processed ingredients are held in `chillers' before the 
next stage of processing. Such constraints on production may be process inherent and only 
possible to eradicate under significant technological investment. In addition to the relatively 
lengthy manufacturing lead-times the capacity of the production system will contribute to the 
overall lead-time of orders, particularly when the system is working near capacity. The 
flexibility of processing equipment and personnel to manufacture products on alternative 
production lines when available capacity is low will aid in reducing bottlenecks and delays in 
manufacture that contribute to lengthening an order's manufacturing lead-time. The range of 
tools and techniques used for improvement of production processes are described in the 
following sections. 
8.5.2 Tools and Techniques used for reducing manufacturing lead-times 
The tools and techniques used to reduce manufacturing lead-times are grouped into Product 
Processes Resources and Layout as outlined in Table 8.4. Although these techniques may be 
applied to certain elements of the production system, their impacts may reach out into other 
aspects, for example product family analysis will promote changes that will impact which 
products are manufactured where and when, with subsequent implication for scheduling and 
organisation of work, such as line balancing and changeover practices. A simulation model 
is used to test and validate the suggested changes made through application of each of these 
four groups of tools and techniques as illustrated in figure 8.5. 
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Product Impacts 
Product family analysis line balancing, scheduling, 
changeovers 
Design for Manufacture, Design for Assembly Product features and commonalities; 
resource requirements etc. 
Process 
Lean tools Waste, production flow 
Supply Chain Response matrix Work In Progress (WIP), 
Lead-time, bottlenecks 
Production Variety funnel Component/ feature design aspects, 
product families 
Technological Benchmarking Processing lead-times, capacities, 
scheduling 
Resource 
Equipment design analysis Throughput, efficiencies waste 
creation 
Single Minute Exchange Dies (SMED) Changeovers, Scheduling priorities 
Layout 
Process activity mapping Production layouts, routings 
Material Flow Analysis Material handling, WIP, 
Table 8.4, Lead-time reduction tools and techniques array 
Product Simulation 
Projects 
Product Family Analysis Design Tools 
Capacity 
constraints , 
Process Postponed 
Lean Tools 
Technological 
Supply Response Production Benchmarking 
ingredient 
holding 
Simplified 
Matrix Variety Funnel flow 
comparisons 
Resource Performance 
Equipment Design Single Minute Exchange of Dies (SM1ED) Evaluation, 
Resource 
- -- utilisation and K, ".,,,, rLC balancing 
- . -.. I Layout 
Transport 
methods , 
Process. activity Mapping Material Flow Analysis Facility 
bottlenecks 
Figure 8.5, Manufacturing lead-time reduction tools and the application of simulation to 
support improvements. 
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8.5.2.1 Product focused techniques 
This includes the application of product family analysis (see section 5.5.1.5) which focuses 
the attention of the manufacturer on those products with the greatest volume so that routing 
and resources may be utilised based around the different manufacturing priorities of those 
products. Product analysis in this way is not a route to processing time improvement, 
however when used in conjunction with other techniques such as SMED etc. it can enable 
better organisation of manufacturing and utilisation of resources. 
In addition, consideration is given to the application of Design For Manufacture and 
Assembly (DFMA) (as described in section 4.3.1) to the products that the company 
manufactures. Design based product features have large implications on the overall cost of 
the product, and the extent to which improvements to manufacturing process may be made. 
Certain design features are demanded by the customer, however, it is in the interests of the 
manufacturer to standardise as many parts of the products as possible to ensure minimisation 
of changeovers and simplify part substitution etc. A sample of considerations of such design 
features include: 
a Interchange-ability of components and ingredients- how many products contain 
ingredients that are not used in any other products? 
  Packaging constraints- of all packaging used across the products what differences are 
evident between the different types? Can packaging features eradicate any 
differences so that production resources may manufacture different packs? 
8.5.2.2 Process based techniques 
The process based tools lend themselves to the identification of wastes and the development 
of sustainable improvements in the manufacturing environment. 
This includes the Supply Chain Response matrix (see section 5.5.1.6) which represents by 
means of a simple diagram the cumulative manufacturing lead-times and inventory through 
supply. This research author has suggested the generation of a modified matrix based upon 
the original response matrix (shown in Figure 8.6 part (1)) to better fit the needs of the 
convenience food sectors. This is achieved by replacing inventory with a measure of capacity 
on the vertical axis as shown in Figure 8.6 part (2). 
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Figure 8.6, Supply chain response matrix (I) and hic rapacity/lead-time matrix (2) (adapted 
from: I iincs and Rich 1997) 
'I'his novel adoption of response matrix based on capacity availability is cif greater use in the 
food industry given the short shelf-lives of products Iirniting inventory held, and the capacity 
restraints of the production system being poorly recognised and recorded. As such the 
theoretically calculated capacity of' a resource (commonly available) may he directly 
compared to the levels typically experienced for specific products. 
The second tool considered in the process based improvement is the PrO(IlIclion I ariety 
Ftnlnc'I (PVF) (as described in section 5.5.1.7) which highlights the sources of complexity 
and variety through production. As depicted by Figure 8.7, the tunnel highlights the product 
variants and where they appear in the production sequence. In this example a small number 
of cooking processes (boiling, grilling and baking) are common to many products that have 
many variations based upon combinations of ingredients. This research has proposed the 
generation of PVF representations by mapping processes along the horizontal axis, with the 
boundary of each process step indicating the cumulative lead-time to that point in the 
production processing stage. The number of part variants at each boundary are indicated up 
the vertical axis, and the whole mapping then mirrored in the lead-time axis. An example of 
this PVF mapping process is provided in Figure 8.7, which displays the basic mapping of 
processes prior to being mirrored in the x-axis. 
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The final analytical tool used to improve processes in this stage of tlic RUM framework is the 
7('chnolOgic"al Bcnchmarking cif techniques to determine the following: 
  What are the techniques currently employed by the mannt sturer to achieve the 
desired Outccm1CS from a particular J)rOccss? 
a What are the predoiilltlant factors when Concelltr. ºting on a particular process? 
Consider the following to he adopted as metrics: total cost of ownership, throughput/ 
processing t1I11C, additional processing required/ removed, waste creation, product 
quality, process reliability 
  What are the possible alternative means that may deliver the desired outcomes from a 
process? 
  By hew do these altennative techniques compare with the incumbent processes over 
the selected metrics? 
The diverse range of processes and technologies available in preparing, cooking, tilling and 
packing convenience foods, in addition to the regular development of alternative processing 
indicates that the benchmarking exercise should he undertaken periodically to identify 
possible alternative techniques and technologies suitable for a particular application. 
8.5.2.3 Resource Rased Techniques 
The resource based techniques aim to analyse and improve various resources by focused 
consideration of resources and their effectiveness in production. Equipment design analysis 
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involves the consideration of any processes or actions that have been highlighted in areas for 
production improvement, typically focused around a particular piece of equipment or 
machine identified at an earlier stage of the framework. Through detailed analysis of the 
precise actions, events, resources and equipment used in processing, the effectiveness of the 
current processing method may be scrutinised. Once the identified process has been studied 
in detail the following questions are to be considered and improvements met through a drive 
to implement the most effective techniques for comparable processes: 
  What are the current performance levels of the process for optimum throughput, 
waste creation, changeovers, operational reliability, resource utilisation, costs, and 
typical production throughput achieved? 
  What alternative methods may be employed to achieve the same manufacturing 
results? 
  Between the incumbent system and the alternatives, which results in the shortest 
production processing time per item? 
  Additional considerations must be taken into account when comparing existing 
system with alternatives, what are the implications for: total costs, operational 
reliability, changeovers, resource utilisation, training or specific needs, changes to 
hygiene mechanisms, changes to handling methods 
  What are the organisational constraints to implementing alternative processes? (for 
example costs, space, resource availability) 
Single Minute Exchange of Dies (SMED) methodology (as described in section 5.5.1.8) is 
considered for the reduction in impact of changeovers themselves. The simplification of 
movements and equipment used during changeovers is emphasised, with priority going to 
those resources indicated during equipment analysis that experienced problematic 
changeovers. Significant resource changeovers (such as tool or head changes) are evaluated 
and improved upon using common techniques from the SMED methodology. 
8.5.2.4 Layout Based Techniques 
Process Activity Mapping (as described in section 5.5.1.2) consists of a tabulation of 
processes essentially the same as outlined in Table 8.2, but includes categorisations of the 
steps, indications about resources and distances travelled. The availability of the data from 
the process mapping undertaken (as described in section 8.4.2) are used for the further 
analyses completed when considering production layouts. Food manufacturing facilities 
have many specific requirements regarding the layout and physical structure of the 
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processing plant (as described in section 3.4.2). Layout analysis will yield the greatest 
benefits where facilities have been adapted over many years, with production lines being 
moved or added particularly where product flow has now become a complicated series of 
movements between processes. 
Building upon Process Activity Mapping, material movements can be investigated utilising 
Material Flow Analysis of the production system, whereby the handling of products and 
ingredients throughout production are studied. The following examples indicate the 
situations through manufacture where material flows are examined and may be improved 
upon, through modifications to facility layouts, facilities and handling practices: 
  Distances and lengths of time in transporting materials between process steps 
  Points where material waits, or is consolidated before moving to next stage 
  Congestion points or bottlenecks within the facility (such as elevators, corridors, 
chillers and refrigerators) 
These investigations may be completed through straightforward consideration and intuitive 
changes to flows, or within simulation software mapping the material flows through a facility 
and highlighting the problem routes, as shown in an example in Figure 8.9. 
8.5.3 Simulation 
Simulation has been identified as a tool to be utilised in order to gain an insight, test and 
validate the identified improvements to the production system in light of proposed changes 
by various aforementioned tools and techniques before such changes are implemented within 
actual production system. 
This research proposes the application of focused simulation projects as described in Figure 
8.8. The performance improvements of the production system may be better understood and 
justified from a costibenefit viewpoint within such simulation experiments. The activities, 
workstations, and production areas that the simulation project considers may be varied, and 
applied to any part of the production system that has been highlighted for improvement, and 
may be based around: 
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Expected Product Process Resource Layout 
outcomes Product mix, 
Alternate 
i Equipment Material flows, 
from Ingredient processing, ngg, 
Changes 
, Handling practices 
improvement interchange-ability 
production flow 
Changeovers 
analysis 
Simulation 
Example 
Pon 
Capacity constraints, Simplified flow Performance Transport methods, 
Projects 
Postponed ingredient comparisons, Evaluation, Facility bottlenecks 
holding Resource utilisat ion 
and balancing 
Figure 8.8, Application of simulation to improvement activities 
  Changeover reduction 
  WIP levels 
  Operational efficiency (due to down time/breakdowns, waiting times etc) 
  Total lead-time 
  Technology/operating method comparisons 
SIMUL8 simulation software (Simul8 corporation 2001), a Microsoft windows visual 
simulator, has been utilised to generate simulation models and to analyse improvements 
suggested by techniques in the RDM framework. Figure 8.9 provides an animation from one 
such a simulation project that considered material flows through a ready-meal production 
facility through cook stations to assembly lines. 
The operational efficiencies of two service lifts were compared in the simulation in Figure 
8.9; with changes suggested through resource based equipment improvements (in this case 
uptime gains on service lift 2) being tested and outputted through SIMUL8 as shown in 
Figure 8.10. The experimentation with such simulation models may then be used to validate 
and prioritise the suggested changes by the tools described, before implementation. 
103 
i /lU/fler (S 
D 
U 
I) 
" 
{Yý ýM 1 : ý. iMýY. SMV IYYI 
1p 
... 
("ý C) 
iuui. u   i.  u . rý 
Figure 8.9 Example Simulation Project based around ready-meal production layout 
F--3 M 
-ý JJ 
" 
0. 
- Cooking Tank Performance: 
Working/ Service lift 2 
Waiting' t 4- l tilisation 
Blocked j 
Service lift 1 
Utilisation 
Filling line Waiting tines for 
Waiting Filling line resource 
Figure 8.10, Graphical outputs from Layout Simulation Project 
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8.5.4 Supply Chain If lf)! 'OV('nrrnis 
'I-he communication of' demand data from rctailers to other supply Chain members in an 
accurate and timely manner aids to eradicate sonic forecast uncertainty, while increasing the 
time manut Icturcrs have to read to demand fluctuations. This has the potential to 
significantly impact the levels of' waste, operational ef'ticicncics and service levels. Timely 
use cif-consunmer demand data can enable manufacturers to readjust production volunics and 
plans and avoid creating waste. Techniques including Supply ('hair Management (S('M) 
and c-commerce technologies must be implemented and managed effectively to nmaxinuisc 
the responsiveness, productivity and profitability of- the supply chain. The use of the term 
"supply chain management", and in particular the associated supply chain tools applied 
within this research relates directly to those techniques which have hearing upon order lead- 
times. The tools and techniques that the author believes to he of' greatest use in reducing 
order lead-tinmes have been described in section 8.5.5 of-this thesis. 
(Si.. I Tools and I C'C'hniquc's used to maximise or c! c'r /c'cýd-lirrrc 
The tools that were determined of greatest use when considering the reduction of order 
processing lead-times, information flow streamlining and improvement of supply chain 
practices are divided into three categories as shown in fahle 8.6. The impacts of these 
techniques are also broadly summarised in ['able 8.6, for example supply chain management 
may have bearing on virtually any stage of product supply and inter-relationships between 
organisations. Value Stream Mapping has been applied at this stage of the RDM framework 
in order to provide visualisations of the changes to the inti)rmation flows and demand 
communication channels which are proposed through these supply chain tools and 
techniques, as illustrated in Figure 8.11. 
Supply Chain Tools Impacts 
Any supply issue once strategic 
Supply Chain Management (SCM) -Partnerships 
relationships develop through network 
Network Benchmarking 
Decision point analysis 
Service levels, quality. 
supply streamlining 
Strategic Planning- supplier/ customer 
relationship 
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Demand Amplification Screen 
Strategic Planning- 
Demand Communication transactions 
Communication Streamlining Tools Impacts 
Bullwhip effects, service levels, Collaborative Planning Forecasting 
and Replenishment (CPFR) 
Ordering efficiency, waste creation, 
Lead-times 
Order processing and procurement, 
Communication Technologies communication accuracy, 
planning and scheduling 
Point Of Sale (POS) data Demand communication, planning 
Technology Application Tools Impacts 
Cross-docking Distribution times to store 
Product tracking through supply, 
Radio Frequency Identification (RFID) 
ordering, planning 
Production Monitoring / 
Planning, manufacturing performance 
Supervisory Control and Data Acquisition (SCADA) 
Table 8.6, Order lead-time reduction tools and techniques array 
application of Value Stream Mapping 
8.. 1.1 Supply Chain Tools 
Supply chain tools firstly considers Supply Chain Management (SCM) which comprises a 
wide range of tools, techniques, applications and philosophies all of which are concerned 
with making the supply network operate more effectively, or to a higher degree of efficiency. 
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The nature of SCM requires the input and collaborative effort of more than one supply chain 
member. For this reason, improvement activities in the supply chain may be difficult to 
realise in practice, for they rely on the co-operation of multiple chain members, some of 
whom may not realise the benefit of any changes, or believe the undertakings unnecessary. 
Such a situation may require one of the supply chain members to take a leading role and act 
as a `channel captain' driving the SCM activities forward, fostering chain partnerships and 
promoting the benefits of collaborative efforts. At this stage of the framework, the 
relationships with suppliers and customers are to be strategically evaluated regarding levels 
of trust, information sharing, technology compatibility and long term plans etc. to generate an 
`as is' model of the supply chain and to establish how relationships between partners can be 
further developed. 
The author believes that Network Benchmarking provides the opportunity to establish both 
the company's market position (against other companies) and potential for growth and 
improvements (against a set of ideals). Where supply chain members are involved in a 
collaborative cluster, then benchmarking may be easier to implement as the availability of 
willing participants will be higher, however in some cases a leading supply chain actor could 
not be identified against whom to benchmark a specific manufacturer. In such cases the 
manufacturer must establish the theoretical limits of what may be achieved in each area of 
performance and use these values as the benchmark based on which the long-term objectives 
must be defined (described in section 5.3 as striving for `perfection'). 
The remaining tools for order lead-time improvement in the supply chain practices category 
are used for strategic analysis of the supply chain's demand and order structures. Decision 
point analysis is used at this stage of the framework to highlight the dislocation point of 
customer pull and supplier push, identifying the extent to which production must be based 
upon forecast driven data. This analysis builds upon the earlier mapping of value streams to 
provide knowledge of where decision points lie in a supply chain between manufacturers and 
retailers, and aids in strategic target setting in order that decision points may be moved 
jointly to a mutually beneficial stage of production and delivery. 
Demand amplification may be represented in the form of a `screen', (see section 5.5.1.4) and 
is used in the RDM framework to summarise the patterns of demand variation that are 
experienced along the supply chain. It is an aim of the whole supply chain to reduce 
uncertainties and hence product costs, so by highlighting the extent of the demand 
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amplification, better co-ordination and co-operation practices may be negotiated with supply 
chain members, which will in turn improve forecast accuracies. In addition, periodic reviews 
of the demand amplification screen for the supply chain will provide the each partner with 
clear feedback of order accuracy performance improvements, or the existence of any 
`bullwhip' remaining within the chain. 
8.5.5.2 Communication Streamlining Tools 
Collaborative Planning Forecasting and Replenishment has potential to provide the greatest 
benefit to communication streamlining and to eliminate demand amplification (bullwhip) 
effects within the supply chain as described in section 5.3.2. At this stage of the RDM 
framework the adoption of CPFR is to be explored by suppliers, manufacturers and retailers 
as the means by which information flows may be overhauled to eradicate uncertainties in 
forecasting and ordering between members of the same supply chain. The implementation 
stages and standards to be adopted must be considered strategically, and agreed upon under 
new collaborative working relationships that have the potential to reduce supply chain (and 
product) wastes, costs and order lead-times. 
The development of Communications Technologies provides supply chain members with the 
opportunity to simplify, speed up and standardise their interactions, particularly with regard 
to ordering and procurement transactions. The RDM Framework has proposed to utilise 
contemporary communication technologies to provide earlier warning to suppliers and reduce 
order lead-times by replacing incumbent techniques with more efficient methods of 
communication. Traditional order mechanisms and basic EDI should be reviewed based 
upon their effectiveness with regard to the time that is spent in each order cycle in processing 
orders. A hierarchy of communication technologies has been identified by this research, as 
depicted in Figure 8.12, which needs to be considered by supply chain members in 
conjunction with financial and IT infrastructure constraints that provide a barrier to moving 
between technologies. 
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i. Real-Time demand data used 
throughout supply chain 
ii. Web Based systems- standardised 
order placement and processing 
iii. EDI ordering with prior web 
based forecasting 
iv. EDI order placement 
v. Traditional means (operator 
initiated)- Telephone, Fax, email 
Reliability, 
implementation complexity 
Figure 8.12, Communication Technology Hierarchy 
The practice of making available Point Of Sale data to manufacturers and suppliers is 
proposed at this stage of the RDM Framework to improve forecast accuracy and to reduce 
the time manufacturers require to interpret retailer orders. The list below represents the 
range of existing POS options. There is a requirement for supply chain members to consider 
the cost and IT requirements of various options against the potential benefits obtained 
through implementation of the POS provision. 
i. Real-time, demand POS data available web-based 
ii. Daily updated EDUWeb POS data 
iii. Weekly-Monthly POS Summary 
iv. Weekly-Monthly Demand Data Summary 
v. No demand data or POS data communicated 
8.5.5.3 Technology Applications for Supply Chain 
The initial technology application proposed by the RDM framework is crossdocking, which 
should be reviewed and implemented in some form to shorten product waiting times at 
distribution centres, hence reducing delivery lead-times. Pre-distribution crossdocking 
(where store destination is determined at the manufacturer) is preferred, though information 
integration issues are to be considered, particularly in cases where substantial changes to the 
existing infrastructure are required. 
In the context of the streamlining of supply, Radio Frequency Identification presents several 
timesaving aspects that will improve the material handling times and tracking through 
delivery to store, reducing delivery lead-times through the supply chain. The potential of 
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RFID to increase material tracking accuracy will also improve order lead-times through 
greater knowledge of material availability in planning manufacture and for this reason is to 
be considered at this stage of the RDM framework. The costs of RFID systems and those 
entailed with the integration of the associated information systems, which may be significant, 
must be weighed against the benefit RFID presents in streamlining the replenishment system. 
Feedback of production conditions and progress to support management decisions in a timely 
and convenient manner is desirable for production planning and scheduling of jobs, 
particularly in a dynamic environment. Production monitoring systems and Supervisory 
Control and Data Acquisition systems provide means by which such feedback can be 
achieved hence the inclusion of SCADA systems at this stage of the RDM framework. 
Where order processing and production planning efforts are to be minimised, knowing the 
exact manufacturing conditions at that time simplifies the process. Many convenience food 
manufacturing processes are heavily dependant upon manual labour, and as such control 
aspects of such systems may be unworkable, with report generation at the supervisory and 
management levels being the outcomes of any implementation. Even the simple 
communication of orders status (waiting, completed or underway) and available capacity via 
straightforward readily available means will allow planning decisions to be made more 
effectively to respond to changes in demand, and as such it is proposed that investment in 
such systems are to be investigated at this stage of the framework. 
8.5.6 Value Stream Mapping 
The Value Stream Mapping of supply chain and information flow improvements at this stage 
of the RDM framework, representing the `future state' diagram, allows comparison to be 
made with the `current state' value stream map generated in the initial process modelling 
stage to provide implementation benchmarks for production system and supply chain. In 
addition, the changes to physical flows can be highlighted in the new mappings, particularly 
where the number of processing steps has been changed, or where non-processing times have 
been significantly reduced. To further support the comparison between `current' and `future' 
state maps the outputs from eVSM software (GumshoeKl 2005) as indicated in Figure 8.13 
may be used to summarise the performance metrics to be used when comparing the changes 
to production systems. In addition, the visual representation of the improved communication 
flows and information channels quickly establishes whether the demand data is passed 
through the supply chain more effectively. 
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Figure 8.13, Value Stream Mapping of('hanges to Supply SVstcni 
8.6 Reactive Production Planning 
l'II M! M 
The techniques outlined in sections 8.5, have as their goal a production system where 
constraints no longer maintain manufacturing Icad-times longer than order lead-tines. 
Where manufacturing lead-times still exceed order Icad-tines, either from prohibitively 
expensive technologies or techniques, ineffective implementation ol- changes, or excessively 
stringent demands on production, then an alternative planning approach is required to 
minimise the creation cif OPW. This research has investigated a two stage reactive planning 
approach based on the static planning of standard operations and the dynamic planning of 
specialised or product identity delivering operations. 
The outline view of this scheduling approach is shown diagrammatically in Figure 8.14, 
where standard operations are preparation or cooking activities and specialised operations 
comprise the product tilling and packing. 
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Figure 8.14, Overview of Two Stage Planning method 
Figure 8.15, outlines the typical scheduling characteristics that are obtained via the two stage 
planning approach. 'I'lhe development and detailed explanation of the two stage planning 
approach is described in chapter 8, along with an outline oftlhe software implenientation. 
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Figure 8.15, A two stage planning approach to planning of convenience food manufacture 
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Chapter 9 
A Hybrid Two Stage Reactive Production Planning Approach 
9.1 Introduction 
This chapter presents the research undertaken in designing, specifying and prototyping a 
reactive production planning model to cope with the late confirmation of demand. Such a 
planning approach is required in convenience food manufacturing sectors where the 
application of the Responsive Demand Management (RDM) framework outlined in chapter 8 
have not created a situation where Make-To-Order production can be adopted. The chapter 
begins by outlining two common production scheduling approaches which are used in this 
hybrid Two-Stage Planning (TSP) while the main sections of the chapter outline the steps 
involved in the application of TSP. The chapter also includes a computational viewpoint of 
the TSP approach using a commercially available scheduling software, namely PREACTOR. 
9.2 Scheduling Approaches 
Static and dynamic scheduling are commonly adopted for the sequencing of production, with 
each being based on different requirements and having different goals. As part of the TSP a 
hybrid approach based on both scheduling methods are investigated, with static planning 
undertaken prior to the start of production and dynamic scheduling being utilised once orders 
are confirmed. Static and dynamic scheduling are briefly described below. 
9.2.1 Static Scheduling 
Static Scheduling is carried out before the production cycle begins, and is described as static 
because of the manner in which the schedule is prepared based on forecast volumes which 
are available (but unreliable) days before production must begin. An important consideration 
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when undertaking static scheduling is that the generated schedules are likely to be subject to 
change due to demand volatility. With this knowledge, static scheduling as considered by 
this research may be summarised as follows: 
9 Based upon forecast data, 
9 Order volumes will be subject to change, 
9A set of Standard operations (see section 9.3.1.1) for each product type are used to 
create a static schedule, 
" Schedules are created and released before the start of production, 
9 To reduce waste priority is given to products with lowest forecast volatility, and those 
with ingredients used in the greatest number of other products, 
" Shelf-lives, customer priorities, capacity constraints, changeovers are also considered 
as secondary constraints in scheduling at this stage, 
9 Static schedules will require re-scheduling due to changes in demand or production 
system status. 
9.2.2 Dynamic Scheduling 
Dynamic scheduling is undertaken relatively late in the production cycle and has been termed 
dynamic due to the rapid, responsive nature by which it is undertaken. Dynamic planning is 
based upon confirmed volume demands as they become available from Retailers, typically 
using real-time data, though where this is technically infeasible, readily available timely data 
is essential. The dynamic schedules must be created and released as quickly as possible to 
production to minimise wastes and ensure orders are met, with primary consideration being 
implications of considerable changes from the forecasted volumes, and how the production 
system can respond to these changes. The characteristics of dynamic planning may therefore 
be summarised as: 
" Based on confirmed order volumes, 
" Requires data from the production system relating to ingredients and products 
processed, 
" Dynamic Schedule and work-to-lists will be released to the production environment 
as soon as they are generated, 
" In order to minimise waste those over forecasted volume jobs must be cancelled and 
where possible ingredients re-directed to other products, 
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" In order to maintain customer service levels additional jobs may need to be scheduled 
in order to accommodate under-forecasted demand for products. 
9.3 A Hybrid Two Stage Planning approach 
Two Stage Planning (TSP) utilises the static and dynamic planning techniques in two 
separate stages. Manufacturing operations are similarly divided into those that process 
ingredients (which in some cases may be used in several products) and those that impart a 
product's identity. The TSP approach focuses on planning of the ingredient processing at 
the static stage and the dynamic scheduling of particular products once order demand has 
been confirmed. It is anticipated that the RDM framework will impact the underlying 
conditions that serve to create long manufacturing lead-times and prolong the order lead- 
times, however it may not be possible to reduce the impact of these conditions to a point 
where Make-To-Order manufacture may be achievable. In these cases, an intelligent 
application of hybrid planning activities is required to minimise the waste from 
overproduced volumes of short-life products. In order that the TSP system may achieve 
these aims, the following assumptions about the production system have been made: 
" Products are comprised of well documented ingredients and processing operations 
that may be divided into Standard and Specialised (characteristic imparting) tasks, 
" Product ingredients are common components allowing interchange between products 
to fit demand, 
9 Production begins before the required order volumes are confirmed to allow 
adequate processing time, 
9 Forecasting methods and the consideration of historical data and seasonal trends can 
be applied to initial production plans, 
" Confirmed customer orders can be read into the planning system in a format that 
allows their swift processing, 
" Data can be captured and applied relating to current volumes during the production 
cycle, 
" The confirmed volumes can be attained (minimising the amount of waste created) by 
adjustment of the forecasted production plans with the release of an updated set of 
schedules. 
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At the point ot'determining the exact quantities to he prepared li)r despatch, the volumes of 
each component ingredient must he tallied against the required vooIuºnies fier the pi-mlurts. As 
described previously, the two stages of' the planning met h odf proposed by this research are 
based can static and dynamic scheduling o1'_1obs, with each stage Outputting schedules to the 
production fiºcility that are either Soft (liable to change) ()r I lard (fixed based on or(Iers) as 
indicated in Figure 9.1. 
9.3. l ! '1Vcl11(iWI1 I1r000'. SS c C1tc''Oi isutinll ilr llu . 
Stac, e l'lu)rllilrL' 
In order to easier facilitate the planning and scheduling goals of the Two Stage Planning 
approach, a categorisation of production processes has been proposed by this research based 
around the principle that many tüod }products manut: ºctured in convenience sectors often 
share common ingredients (e. g. rice, sauces etc. ). The features that distinguish a distinct 
tpro(lUCt are delivered either through the specific combination of ingredients or the product's 
packaging, which are typically carried out late in the production cycle. 
Retailer Order. 
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Figure 9.1, the Two Stage Planning approach to static and dynamic planning of late ordered 
products 
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9.3.1.1 Standard operations 
Standard operations are production processes which are common in several products, 
typically time consuming operations undertaken in preparing ingredients included in one of 
several final products. Provided demand across a mix of products is reasonably balanced, 
then standard operations can be planned based on initial forecasts for total product demand. 
9.3.1.2 Specialised operations 
Specialised operations are production processes that provide distinct product characteristics, 
either by ingredient configuration, assembly, or other operation that imparts specific product 
identity to the materials. These operations are typically short and among the last operations 
to be completed. The exact demand for individual products must be known before 
specialised operations may be planned. 
9.3.2 Production Scheduling in Two Stage Planning 
Production schedules may take the form of visual representations of the jobs designated to 
resources (such as Gantt charts of the orders to be completed) or be the simple listing of 
operations to be completed on a resource (typically referred to as work-to-lists). Both forms 
are used in the TSP approach, and the production planning activities depicted in Figure 9.1 
output either Gantt charts or work-to-lists depending upon whether they are generated as Soft 
or Hard schedules. 
9.3.2.1 Soft Schedules 
Soft schedules are generated in the static planning stage which are the guide for production 
until the Hard schedules are released. The Soft schedules are in Gantt chart form and 
indicate the schedule for the production operators for each line of processing equipment right 
through to final production, should all orders have been accurately forecasted. Soft 
Schedules are released to the production environment through a variety of channels and 
formats depending upon the manufacturers IT and control infrastructures. 
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9.3.2.2 Hard Schedules 
Hard schedules are generated in the dynamic scheduling phase of TSP and are based on the 
confirmed order volumes. In their most basic form, Hard schedules can form a simple 
`work-to-list' of products and the volume that must be filled for each order to be satisfied. 
The generation of these lists is only feasible where orders have not substantially deviated 
from forecasts. In such circumstances, a bespoke job card system can be used to issue the 
work-to lists to each resource. Whether Hard schedules are released via electronic or paper 
means, the speed with which they are made available to production is crucial. Where 
demand has fluctuated greatly from the forecasted Soft schedule, there may be a requirement 
for rescheduling of standard operations to plan for changeover and line balancing issues that 
are required to meet the new demand volumes. 
9.3.3 Analysis of Production Levels against Confirmed Orders 
At the point of order confirmation, there are four possible outcomes for products, determined 
by first comparing confirmed volumes against forecasts, and then against current production 
volumes, as shown in Figure 9.2. The orders that a retailer places may be exactly the 
quantity that had been forecasted, be higher than anticipated, or lower than the forecasted 
volumes. Where confirmed orders exactly match forecasts, all of the required ingredients 
will be in place, orders will be met and no product will be wasted. Where orders are higher 
than forecasts then there is a requirement to quickly process extra products to meet the higher 
than anticipated demand. Additional ingredients may be required with limited available 
material, and the re-scheduling of standard operations may be required to free capacity for 
additional processing tasks. This scenario presents several conundrums for the production 
planner, who must consider the following: 
9 Has any other product been over-estimated compared with the actual demand? If so 
are there sufficient ingredients available to meet the additional volumes required for 
the particular product? 
" Are adequate raw materials on hand to meet the additional demand? 
" Is capacity available within the production system for the additional processing 
required? 
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" Does the processing lead-tink of the product's additiuncil Volun1C allow i>>, 111 il1acturc 
to he completed hcli)rc delivery'? 
When orders are below the tiºrccast volume, the most updated status ýýt production must he 
quickly ascertained, and where applicable, unnecessary standard operatb us called tu a halt. 
The production planner has the opportunity at this point to eliminate OI'W arising ti-ow WIP, 
given the possibility of"prepared ingredients having suitable interchange-ability. It is intended 
that through improving the forecast method used as part ot" static scheduling undertaken will 
mean such situations will he minimised, though ingredients that have been prepared must be 
redirected to alternative products unless a significant dielt-lilt means that the components 
will not immediately become OPW. Given these potential outcoºnmes. swift Icedhack to 
production is required regarding those specialised operations that have been over-liºrecasted 
and are in danger of creating OPW. This has been achieved through the application of a 
heuristic to establish the shortages and Overproduction Wastes of products, based on the 
newly confirmed order volumes and current-state manufacturing data, as shown in Figure 
9.3. 
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Figure 9.2, Scenarios at order confirmation point for Order volume 
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Figure 9.3, Data Support and Outputs of decision hcuu-istic 
The various steps in the TSP heuristic to establish the 1111"t-cdlient requirements across the 
production range is outlined in Figure 9.4. and for the purposes of describing the course of 
action to he followed when confirmed orders arrive late, the figure is accompanied by a list 
of definitions. 1'hc boundary condition tor these heuristics regarding redirection of 
ingredients takes the position that once ingredients have been combined into a tinal product, 
they cannot he redirected to another product, i. e. no products are dit`tcrcntiatcd by product 
packaging alone, and products assembled in excess of contirnicd orders constitute 
O, verProduction Waste. 
The first stage of the heuristic considers the cOnfinned volume for each particular product, 
for the purposes of this explanation product n is identified. The order volume is then 
compared to the forecast volume to which product n began manufacture, the outcome from 
this comparison is to assign product n to either being exactly as forecasted, or having an 
order greater than or less than forecasted. Most straightforwardly those products being 
correctly forecasted (O = F) need no further action, the targets set fier production through 
the Soft schedule may remain and no wastage will he generated. 
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and hou, 'cr°. c, sometimes provided direcrh' hr retailers. 
On Confirmed Order volume of product n. The volume of produc t It that will be required ht' customer for despatch. this 
nja , onh' he available lane in the production ca c/r" 
P Current Production volume of product n. The volume of produc tn that has been manufactured up to the current point 
in lime (ti picalh' the time , nccn confirmed orders arrive) 
A Available ingredients of product n at order confirmation point. ibis indicates the amount of product and 
ingredient (hat , ras /nrccu. ited to he product J. und is rin lorr, "rr myuired. 
For O. < F,,, then: A _ )~ -- P For O , P,,. then: A I O 
S Shortage of Product n at order confirmation point. 77, i. c oc"rvrc h, "rre r nlir rr,,,! , r, hrm, ar, , ýr, art r 
S Pr, - O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-I'hc next stags of the heuristic utilises production system &Iata in order to diit-ti"rrintiaty 
hetwccn those Orders that are below tiºrecasted volumes and above production (( )" Ii") and 
those that are also below the current production volumes (( ) . I'). 1\1 tills point a nunºhcr ut 
orders to the production Facility are executed either to stop production imm11ºe(liatcly (1'()I- cases 
whcre O -P 1) to prevent fürthcr waste, or whore new production targets are required (( ) 
P) SO that production can work until the order volume is attainc(l. I'hc `availabic 
ingralicnts' arc calculated diticrcntly as ingredients already Coom mitteilt to sperilie products 
(() - I') arc no longer available to other products. This stage alm) iddentilies the shortfall of 
ingredients to fulfil orders that have exceeded forecasts (wwwhere O - F). The final stage of 
the heuristic is used to balance ingredients between the shortages created and the available 
ingrcdicnts lettovcr whcn manufacturc runs to lower ordcr volunics. I'he Calculation of' 
shortage products to negative values aids in the balancing method, a simplified example of 
which is demonstrated in table 9. I, where product `(" has been under tiorccasted by 50 units, 
with production a further 50 products behind com pletirig the original iurccastcd volume 
(hcncc creating a shortage of- 100). 
The focus of this redirection of' ingredients to minimise the waste of their overproduction, it 
is worth noting thercibrc that `product a' (an example of O - P) generates 200 `available' 
ingredients, as identified in the table. The manufacture of 'product a' has already generated 
an additional 100 units of Finished product in excess of the order. As such, 100 of each 
ingredient in `product a' are no longer available for redirection to other products and must he 
dealt with as OverProduction Wastes (OPW), and there ore are not cOnsiclcrcd through this 
ingredient rebalancing process. In this example, no further ingredients are required to he 
prepared, the shortages identitied &)r 'product c' can he transferred from the over forecasted 
products ('a' and `h'). 
Ingredient BOM for Products a, b and c Fn On P11 S11 An 
ingredientI ingredient 2 ingredient 3 ingredient 4 
Product A 600 300 400 200 200 200 200 
Product B 900 800 600 100 100 100 100 
Product C 420 470 370 -100 -100 -100 -100 
Ingredient 
availability 100 300 200 0 
for 
real location 
Ta ble 9.1. halanc inj of " shortag e" and "ava ilahl«' int'r o, lwt' 
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9.3.4 TSP application issues 
Hard and Soft schedules as outlined in TSP may be released to the production environment in 
one of two ways: electronically, with the schedules displayed in similar fashion to those 
developed by the planner, or paper based plans, listing products and product details, along 
with volumes and resource sequence. Similarly, when information is required from the 
production environment by the planner, a number of means are possible, which may be 
formal (or standardised) and informal (or non standard) channels. Formal planning meetings 
at set times each day may allow face to face standard communication of what production is 
ongoing and has been completed prior to orders being received. Informal means of 
communication may be achieved ad hoc. when the planner requires a specific piece of 
information and contacts the production environment by phone, email, or simply visiting. 
The application of Supervisory Control and Data Acquisition systems has been described in 
section 5.3.4.4, with the benefits of standardisation of communications from the production 
environment quickly streamlining the most commonly required data direct to the planner. 
Drawbacks of this IT system for food industry manufacturers have been reported as the 
expense of implementation and hostile environment for electronic equipment in the high-care 
facility for data collection. Listed below are the preferred forms of data communication, 
while the common practice within the sector is to base communications around a paper based 
set of production plans released to production at fixed intervals. 
" Integrated electronic control of production and data capture by planning 
9 Electronic communication of plans to production environment 
" Face to face meetings and communication of plans and production information 
usually combined with paper based plans generated for production environment: 
  Delivered to operators, 
  Collected by operators. 
The following methods of data collection may be employed by production planners to gather 
the necessary information relating to the state of production when orders are confirmed: 
  Automated data capture provided in real-time electronically to planners, 
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  Traditional communication methods for collection of production information 
(telephone, e-mail etc. ). 
9.4 Computational Viewpoint of TSP 
The TSP concept investigated as part of this research has been realised in a commercially 
available planning and scheduling software PREACTOR, the basic functioning of which is 
outlined in section 9.4.1. The detail of how the functionality of this software has been 
enhanced to realise the Two Stage Planning approach is provided in section 9.4.2. 
9.4.1 PREACTOR Software 
PREACTOR is a highly configurable finite capacity planning system using graphical 
interfaces and menu based navigation (Figure 9.5) for case of use and rapid access to 
information, having a modular structure of functionality with the base modules named 
PREACTOR 100,200,300,400,500 and APS. PREACTOR 100, through 500 are for 
Finite Capacity Scheduling (FCS), each version incrementally adding increased functionality 
while PREACTOR Advanced Planning and Scheduling (APS) having additional features 
and functionality over the PREACTOR FCS versions (Preactor International 2002). 
Additional scheduling techniques within APS (event and resource focused), allow selection 
and creation of bespoke scheduling rules, and it has features enabling the addition of 
material constraints based on `Bill Of Materials' data supplied to it from an ERP/MRP 
system. The way in which products are defined in the standard PREACTOR APS is based 
upon a relational database structure. Manufacturing data is entered into PREACTOR 
through various fields, grouped to cover products, resources, resource groups and additional 
considerations as detailed in the menu in Figure 9.5. The addition of specific manufacturing 
data to a product is achieved via additional dialogue boxes (an example of which is shown in 
Figure 9.7) that are prompted from the products database as shown in Figure 9.6. 
In order to outline the BOM structure in the FCS versions of PREACTOR, each additional 
operation must have an `assembly level' and `assembly key' specified, in addition to the 
operation number. Operations on the same key follow the operation number order, whereas 
assembly levels indicate that all keys must be completed before the operation on the next 
assembly level may begin as depicted in Figure 9.9. 
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Orclers are spccit ed within the standard versions Of' PRI: A("TOR through a schedule 
generator as shown in Figure O. S. Details re:; aniiiii cust(ýnrers, order Haitihers and tlrr 
product required are entered, along With the clue date that the Order is required on, and the 
(quantity ot'product requested which enters the order ati jobs to be sclrr(Iulccl. Flic generation 
of schedules is completed in Garttt format with jobs hcing represented by irons (prior to 
sequencing) and coloured bars for the position of* the job in the production schedule, both of' 
these ictcntitiers being shcciticd in the products database. Scheduling rules may be applied 
to load the ordered operations into the `sequence overview' area, or alternatively manual 
dragging and dropping icons from the list of orders into) the sequencer as required. An 
example schedule generation fier a small number of- products is shown in Figure 9.8, note 
that two operations are still to he allocated (square icons in the unallocated job (Iueue) Onto) 
resources in the sequence overview window (panel at the bottom of the screen). 
125 
Figure 9.5, Menu Based view of PRFACTOR software 
( 'lau/ ter ') 
rM IIi '. - I: r4, ort, I-i, 
I'1 61 ý' U R? 4lj 17 4 IF9 Pl' + 
I It AC 1011 INodudv Database 
Part No. Product toperation No. Operation Maine 111rnource Group Rrqultrd tlevuurce 
It7"J: '7 I Irrt in Black Ifean Sal III Marinxdr Lunkhunsr 1 rep Mminndr 
JII flag (Irrt I uukhun". r 1'rrp Vnr nnrn 1'm lain 
i: 10 Cook Ilert I nukbnu.. r :: rlrrt horn I: ruuy 
. 411 Urbai (irrt 1.11 rumn 1", 1. It, logirr 
III Prep . aw rl nmblr r. ; rlri t lrum l. ruup 
111 ink rite Ito r ennui i'; rlri lI rn... (ýrunn 
A441 11 
AY, 111 
C3. i1? 
I, 11 It li Il n. k'. i II. u I Iluiuu .rI, ,l Ir um I. I Iu 
Chicken Iikka Mnv. ala III Mnnn»dr I hi, Irn i.. 11rp i Mnnu ad, 
7(1 vru unlu P,,. k, . 1r l hil kni uukhuu .rP,, 1, Va. u, nn I, I. kugrl 
30 Cook (: hickrn Cunkhousr :: rlrl I bolo l'runp 
40 drbay ctwit krn I Ming Innur prep Ile bngyrl 
10 Prep Saure lnmhlrv. Stir, t hnm !; coop 
10 Cook 111ce Ilitr room lirlrrl hnm group 
40 fill pork I Ming It III '; rlri t Iron Iaurlp 
I amb t1huna 10 flag lamb ('ookhno,. r 1'Irp Vor 11.1m I'a. k1Qrr 
20 Cook I anlb If uukhnuvr '; rlrl l hnul Gluup 
10 dehaq lamb I wiling Innur prryl Srlrl I hnm Group 
10 prep saure tumblers Srlecl hour (coup 
10 rook (ire 
! Flit e room SrlriI ltnin ( lruup 
AO till park I Ming Rnnm Schert from Group 
Chicken Valli 10 Vacuum fork i Coukhnusr 14rp Vacuum 1'a. kagre 
20 Cook Chi, krn I(n(khuusr Srlert Iron) Grnnp 
: ill drbaq chlckrn I iIliny room prep Ihr hngyrr 
10 prep salbe 1 umblas SeIn t ham Group 
''. III rook fire Ili, 11111111 Srlrlt Irnm I. Inllp 
Figure 9.6, Prcactor APS Products Database I ditoýr 
MEACIOH Products Dalsb 
Pact No. 1Ptoduct 10peration No. IOpr .. ion Nome 
A'"'" III 
, 
1 nloh 13buna i 11) Iln. l Innar 
,. 7(I I , iiý1 I ninli 
III Iýýr I. rýiý i 
I11 ß, i1  
11'I 
r. uullt rn, I AY. 111 Op-ti- No. 
1'nrt No AS510 Opcretiun Name 
Product jl emb 8hi ne Resour«s 
Product Display Date Edit.. Setup i Op. Times 
Product Attributes Edit. Advanced Options 
Routing Options Edit .. 
I Operation Attributes 
OK I Cancel 
111f .1II urn liiryani 
- n; -! 
lileseuree Gmop IFlequfred Revnu¢e ""' j 
nu 
inn pry ý 
Edit 
Edit.. 
Edit- 
Assembly Key 11.00 
Max Ilene Beim Next Op. Ilnvpecilled 
Interval Type No limit 
Maximum Operation Spam Increase % ýilntiour_---- 
Sleck Tlme After Last Operat1on D II goo ao mi. ". 
_ýa,, 
Previous... Cancel I 
ngri 
PýrY nýlý . 
fr 
om 
d Inq I'.. i ... , 
Figure 9.7, Inputting Product data for processing operations- Parent data and levels and 
keys 
126 
( '/lclpler (i 
Fir. hit v. + Walsptte re ff ass MO. Seperce Pmor" Nkdcw 1! b 
4f rb rb rnn1 711 e4 it ,t of #P W #P of .P 3= #P 
ý' fý.. LY 41 Iýj (l. 41 111 A 
Assembly Key 1.0 1 20 
------------------- 
Assembly Key 2.0 10 20 
Assembly Level 1.0 Assembly I e%el 2.0 
. 1d1-ml 
Figure 9.9, Outline of Assenmbly Levels and Keys (adapted from ITFAC'TOR user guides 
2002) 
There are two expansions to the PREACTOR APS module named Static Material Control 
(SMC) and Dynamic Material Control (DMC'), Which are aimed at applications where WIP 
has high value and shelf-lives of products are of greater importance. The typical applications 
of the material control modules within the scheduler has been \\, here materials that are 
required for a particular product will over-run their allocated shell-lives ii the production 
schcdulc is not moditicd to allow for earlier final processing. 
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Figure 9.8, Schedule generation within I'RI: A(' TOR sequencer 
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Figure 9.10, Queue based system for allocating materials to products used in the DMC 
module 
The way in which these modules differ from other versions of PREACTOR is their system of 
`Sales orders' and `Works orders'. Data is required in a form of BOM relating to each 
material or ingredient), which allows the products to be defined according to which materials 
are `used by' which products. This data may be imported from MRP or ERP systems via an 
Excel spreadsheet With Sales orders used in place of a strictly defined parent product and the 
interaction between Works orders and Sales orders being described as two queues. In Figure 
9.10 Sales orders (possibly for different customers) each require a different number of the 
same product. The works orders in Figure 9.10 represent four batches of the same product, 
following the default rule in SMC, the two works order batches at the bottom of the 
producing queue are used to meet the first Sales order. 
The difference between SMC and DMC lies in the DMC module dynamically reallocating 
materials while the schedule is being built, whereas the SMC module is a pre-process 
completed prior to scheduling. The DMC module can allocate materials from a late 
finishing batch to another to minimise WIP wastes. The SMC and DMC versions of 
PREACTOR have been used to develop the TSP PREACTOR model as described below. 
9.4.2 Two Stage Planning PREACTOR Model 
The PREACTOR software system has been utilised to develop a computational viewpoint of 
TSP as shown in Figure 9.11. The realisation of Two Stage Planning as described in section 
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9.3, could not he achieved using standard `cheduling applications of the standard 
PRFA('TOR software. I lencc the functionality OI- PRI: A(' l'OR APS SM(' (Advanced 
Planning System With the Static Material ('()lltrol functionality) has been enhanced to enable 
jobs to he scheduled without attaching materials to specific orders. Ibis enhancement 
included time based modifications to the PRFA(1'OR table definition file (. hrtdf) so that 
orders may he specified fier particular times 01' play, rather than nli(Inight of the (luc (late, 
which was constraining over such short production lead-tinncs. The increased complexity of 
SM(' scheduling also meant that product inf"6rmatioll, operation data, display specification 
and 130M structure no longer could he supported or maintained through the product 
database and so considerable data structuring was required to support the 'I SP scheduler. 
This data was transferred into PREAC l'OR through the standard data transfir menu fier 
orders and products. Resource and resource grouping data of' the "F SP model is held in the 
standard 1'REACTOR database as described in section 9.4.1. Figure O. 12 outlines the data 
transfer through the PRFACTOR schedule generator within the TSP approach. 
Tw. tiwo Stage Planning for 
OverProduction Waste M 
itkct 4he4Lq'7pt- f'- Meru 
Figure 9.11, TSP Configuration in PREACTOR APS with SMC functionality 
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Input of order and product data was achieved from external Excel tiles which simulate the 
uploading of EDI data to the scheduler and are kept within the configuration system folder 
with three particular files (`productsin', `ordersin' and `ßoMdata') being required for the 
loading of product and order data. The `productsin' file is shown in Figure 9.13 holds all of 
the information that would otherwise he inputted into the PRFACTOR products database 
relating to each product's operations, the display inf wmation associated with each, set-up and 
processing times, resources etc. 
Input of forecast order data is achieved in the same way, with data referring to parts, 
customers, quantities required and due dates all being assigned to a particular order number, 
as shown in Figure 9.14. Bill of Material data is read in from the `BoMdata' file as shown in 
Figure 9.15, which identities the component parts required to manufacture a single unit of 
each product, as identified by order numbers. In this way the order data is not tied to a 
particular product, rather the component ingredients for each order being specified. 'T'his 
additional complexity enables the flexibility required in PREACTOR to dissociate ingredients 
from specific products. 
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Figure 9.12, data flows through schedule generation within I SI' I'RFA('I'OR 
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Figure 9.13, Product database outlining product and roil )()nent data 
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3180 10 20000112 2'0000114 
Figure 9.14, Forecast Order data, note that materials generate separate orders 
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Figure 9.15, Bill Of Material Data for each `order' (column A indicating ingredients by part 
number) 
Static planning of' production is undertaken offline and in order to meet the requirements 
outlined in section 9.2.1 focuses on a number of priorities when considering the product 
volumes that are released to production on schedules. The anticipation of product demand is 
achieved by the formulation of forecast orders by retailers which give to some extent an 
indication of the demand which may be expected. Planners have traditionally made use of 
historical data in order to refine forecasts combining weekly trends, seasonal variations and 
holiday behaviours etc with information regarding current conditions. Knowledge of current 
retailer promotions, (and their on-shelf availability), upcoming special events or weather 
forecasts are of use to the planner in order to try and anticipate variations from the historical 
data that may be attributable to these conditions. The focus therefore falls to the 
consideration of standard operations, the planning of which under the TSP framework should 
be logged with the historical data and used to map the component ingredient requirements- 
both planned and confirmed along with the overall confirmed orders and ft recasts. In this 
way the planning of standard operations will be refined with the aid of this historical data so 
that the consequences of prioritising the manufacture of ingredients used in the greatest 
number of products, or those with the lowest forecast volatility he known. For each product 
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in each order cycle the liºIlowing data is toº he recorded 1'01' CO WSRIeratio1t of [111ore static 
planning: 
" Retailer Forecast and Confirmed demands, 
  Ingredient volumes used tier both soft and band schedules, 
 ( )PW ingredient/products, 
  ('ustcmmcr service shortfall (number products short on order), 
  Notes regarding any unusual circumstance (Special events, promotions, weather). 
[hc rclcasc of Sott schedules also consider shcir-livcs, capacity constraints, resource 
availability and changeovers at that stage. (; ivcn these Complexities the `upport provided by 
historical data simplifies the scheduling process. Soll schedules are created and released 
shortly hekire production must begin to take advantage of' updated fiºrccast or Point of Sale 
data where it is available. An example Of the Soft schedule is represented in Figure 9. I (ß, 
identifying the order of operations, ingredients, volumes and operational details required for 
groups cif resources as found in the production environment. Confirmed orders are received 
via EI)I or other such communication and are presented toi the decision heuristic tier 
ingredient re-balancing and dynamic planning before material requirements and adjusted 
order volumes are passed to the schedule generator. 
m [8 r7l 19 -- A ýý I 
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Figure 9.16, Soft Schedule Generated in PREAC'TOR sequencer 
( 'hrl/)li'1' 1) 
"I'Ihc application cif` the TSI' IIcuristic generated as part of this research establishes the 
ingredient requirements for dynamic planning through the consideration of forecast 
(planned) volumes, continued orders, ROM data and production data. The I heuristic was 
realised in Microsoft FACET software, example visualisations of' which are shown in 
Figures 9.17 and 9.18. Fach of the digits used tier the product codes in this example 
represents a shortened firm of the 130M, with the first ºligit representing the neat 
component, the second representing the Sauce ingredient etc. Figure 9.17 shows the 
worksheet where Order, forecast and Production data are amalgamated after being uploaded 
(possibly fron h, Dl etc. ) into the format shown. The breakdown of ingredient requirements 
is generated through the tables shown in Figure 9.18 while the UOM data held fir all 
products as shown in Figure 9.19 is used to generate Separate ingredient requirements liar 
various products. These adjusted ingredient requirements (as shown from the form in Figure 
9.20) are re-loaded into the schedule generator l 'or dynamic planning of' specialised 
operations. 
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The Production Data can be inputted at the appropriate time into either Forecast or Confirmed 
Volume Columns, while Current Production data can be read into the column aý it i rv, lahle 
Product 
Code Description Forecast 
Confirmed 
Order Volume 
fOn) Current Production 
A1510 
A3110 
A3510 
Beef Bhuna with Rice 
Hoi Sin Beef with Rice 
Chicken Bhuna with 
500 
900 
420 
664 
1023 
409 
412 
569 
242 
A4410 4008 Chick Tikka 1600 1350 1099 
A44108 800g Chick Tikka 1000 980 827 
A5510 Lamb Bhuna 1060 1020 340 
616 11 
82222 
Beef Biryani 
Beef Black Bean Sauce 
900 
580 
308 
505 
420 
287 
B3222 Chicken Black Bean 800 788 482 
C1312 Beef Balti 1300 1225 496 
C3312 Chicken Balti 500 530 269 
Figure 9.17, amalgamation of Forecast, Confirmed Order and Production Data 
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Figure 9.18, Heuristic Exccl Worksheet calculating ingredient rcgtuircnlcnts for second 
stage dynamic scheduling 
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Figure 9.19, The BOM data for the products considered in the RDM Framework 
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Figure 9.20, Output from I Icuristic indicating continued orders and Material requirements 
Dynamic scheduling based on continued orders is achieved within I'RI: AC"fOR which 
generates Hard schedules f 'or the production environnment. Standard operations are locked to 
resources as they have been planned in the static planning stage, allowing specialised 
operations to he planned using Dynamic scheduling. Dynamic Scheduling of specialised 
operations may be achieved in two ways: 
i. Using Dynamic Material Control (DMC) within TSP PRFACTOR with real-time 
data and schedule release made through IT infrastructure, 
ii. Manual `Drag and Drop' of jobs into the sequencer based on Planners discretion, 
with job information updated by planner in real-time. 
The sequencing environment, as shown in Figure 9.21 will continually update can the 
availability of real-time data, whereby the use of DMC dynamically reallocates materials to 
resources taking into account changes of production data presented by the real-time data. 
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The second method of Dynamic scheduling requires planners to manually allocate jobs to 
the resources represented in the sequencing environment as production data is 
communicated or becomes available. In this way schedules may be built dynamically with 
jobs allocated to resources in real-time. The author asserts that in the absence of real-time 
data being available. improvements will still he made to planning in the face of the 
challenges described in this thesis through the utilisation cat-"I'SP through PRFA('"R)R SM(' 
similarly modified to release updated job cards to production. 
9.4.3 Application o/ 7SP PRE l('TOR 1iIoicl 
There are three possible methods by which schedules may he released to the production 
system, including both electronic and hard copy means. Route and job cards may he 
produced to provide processing information for specific jobs, while work-to-lists may he 
generated for resources. The ('REACTOR scheduling soltware can generate electronic 
reports which can either he passed directly to production or printed hard copies. An 
example route card for confinned production Volumes generated from the PR I AC TOR 
sequencer when dynamically scheduling is shown in Figure 9.23. 
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Figure 9.2 1, Dynamic Scheduling of Specialised operations 
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Figure 9.22, Release cif sequences and josh cards to production facility 
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Figure 9.23, Job cards released from PREACTOR tier each order to till the confirmed 
volume 
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Chapter 10 
Case study 
10.1 Introduction 
_UÄU1 
C2' 
'this chapter hmvides a case study demonstration of the research concepts described in this 
thesis which involved a ready-meal manufacturer producing own label pro ducts fir a large 
retailer. A background to the company is Outlined in section IO?, describing the products, 
supply chain issues and manufacturing considerations that relate to the company. The amain 
section cif this chapter address the application of the RI)M Framework and the imhrovcnmcnt 
programme for production processes and order processing before outlining changes to 
production planning. The chapter concludes by analysing the results and reflecting on the 
improvement activities undertaken at the case study company. 
10.2 Company Background - Oscar Mayer 
The company selected for involvement in the research as a case study was Oscar Mayer, and 
an outline of the company is provided in this section. The I lygrade group of which Oscar 
Mayer is a part, is made up of three separate businesses located across the UK, producing in 
excess of two million ready-meals a week. The company was visited in the initial stages of 
the research and was involved until the very end, over which time substantial changes within 
the company had taken place. Oscar Mayer is a privately owned business established in 1985 
manufacturing chilled prepared meals for sale through one of the largest UK food retailers 
referred to in this thesis as `retailer V. The production facility is based in ('hard in Somerset 
and is staffed by 1000 personnel, operating 24hours a day, 7days per week, though night 
work mainly consists of hygiene teams and cook cycles. The main facility is split over three 
floors (designated as OMI, OM2 and OM3), each of which manufactures a different family 
of products. Each floor consists of `low risk' preparation and cooking areas which are 
separate to the `high risk' filling area, which in turn is separated again from another low risk 
area for packing and despatch. These separate areas prevent personnel and equipment from 
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rattily moving hctwecn low and high risk Tones of the I"actoºry without passim, through the 
necessary hygiene fproccciures. The flexibility of' the ecfuipinient used on each flour means 
that several products can often he assembled on the lines on Other floors, should demand 
require it. Some products must he manuiäctured on sf)Ccitic filling line", kN'here ingredients 
dcilland that specific processing equipment he uucl, tiºr example those ready-nicals including 
sheet pasta require tu he processed on one of three lines in O M2, while mashed potato (lishcs 
require the tilling lines in OM3. 
Ill.?. I Products 
Oscar Mayer currently manufäcturc 130 of retailer X's Own label products, 80 o1' which were 
d escribed as core lines, having greater demand accordingly. fahle 10.1 indicates a Small 
range of the products manufactured on each floor of the factory. 
Product code Product Description Factory 
/01503701 SMOKE. D SALMON RISO f fO OM 1 
/01500901 LAMB SHANKS OM 1 
/25380601 CIIIC'KUN I INKA 4006 OM I 
201513501 LEBONESLIAMB OM 
/01516001 CI IICKI: NRISOIU) OM1 
/16404101 MINCED B1I F ('( )ß13l IR Mil 
101504001 Cauli& Camembert Bake OM2 
/01500301 Meat Lasagne 450g OM' 
701504601 Meat Lasagne 700g OM 2 
/16416701 Beef in Red Wine OM 2 
/01508801 Moussaka OM2 
/16422601 Lamb & Redcurrant Casserole OM2 
Z16404401 Beef in Ale ON 12 
/01514601 Premium Lasagne OM 2 
/05820001 Chicken Broccoli Pesto OM2 
105820101 Chicken Sundried Tomato OM2 
ZTRIAL2009 Chicken & Sundried Tomatoes 0M2 
705818701 'fag Lemon Chicken OM2 
716404001 Chicken & Bacon Ciratin OM2 
Z16402301 Irish Stew OM 2 
705900901 Mini Liver & Bacon OM2 
705931201 Mini Fruit Chic ken Cu rry ON 12 
7.05931301 Mini Chicken Casserole ON 12 
/16401101 Pork & Apple Meatballs OM 3 
/16447301 Braised steak and mash ()M 3 
216404201 Liver & bacon OM 3 
/16404301 Sausage & mash OM3 
705813001 Beefchasseur ON 13 
Table 10.1, Sample product ranges manufactured at Case Study company 
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Trial products are often tested in the production facility, either to new recipes generated by 
the product development team, or to refine existing recipes, for example to reduce salt 
content (e. g. product ZTRIAL2009 in table 10.1). The manufacturing lead-times of products 
vary considerably, from a few hours for very simple products to several days for products 
requiring long cook or marinade cycles. Some ingredients have a reasonably long shelf-life 
for Oscar Mayer to use prior to final assembly, and as such products with large variances on 
the day production may be held over for the following days products where such shelf-lives 
allow. Retailer X aims for a `minimum life on receipt' of 75%, whereby a product with 10 
days shelf-life after cooking must be received by retailer X with 7.5 (rounded to 8) days 
remaining before expiry. 
10.2.2 Customer 
As mentioned previously, the company works for a single retailer, providing own-label 
branded products for a number of the retailer's brand ranges. These ranges consist of 
products emphasising either health, `value' (low cost products), or premium quality, with 
Oscar Mayer manufacturing a number of products in each range. Orders for all products are 
placed at 9 am each day, which frequently differ to the forecast demand available from the 
Retailer X's PDS (Performance Data Site) website on a rolling basis for 10 days ahead. The 
orders placed at 9 am are for despatch to Regional Distribution Centres (RDCs) at the earliest 
19: 00 hours on the same day through to 12: 00 on the following day. 10 RDCs are served in 
this way, the geographically furthest away from Oscar Mayer requires despatch at 19: 00, 
while the closer RDCs have their despatch times delayed until later in the order cycle. Once 
products are completed in the main factory they are transported to a separate despatch facility 
from which shipments to the RDCs are organised. 
10.2.3 Supplier Network 
Oscar Mayer is served by approximately 150 suppliers, including many international 
companies, with low costs being reported as the main driver for competition on ingredients, 
provided adequate standards of quality, shelf-life and consistency are met by the various 
suppliers. Transport times thus vary considerably between the different suppliers, and so 
should increased frequencies of deliveries be required the limited responsiveness that 
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twcrSeas suppliers can deliver may impart the levels of service they nt; iv he ahIL. to oofti"r, and 
at times outweighing their economic advantages. M, tnv 0f- these suI)I)Iicrs Iprt, v ide ct number 
of'dit-thrcnt ingredients, and tier the most important ingredients ( )sear Mayer will source from 
several suppliers to drive conipctitiun, ensure availability and maintain quality standards. 
'I-his clots however mean that sonic inspection is undertaken of the raw materials at the intake 
area (located in OM I) to ensure consistency between suppliers. 
/0.2.4 AIa, zufcrcturii ' 
As previously described the production t icility is split over three floors, as outlined in Figure 
I0. I. The filling and cooklines are indicated in the figure, and it can be seen that each of' the 
floors may be cOnsi(tcrc(i a distinct food `factory' each with an initial ingredient preparation 
area and then separate processing equipment and `high risk' arras on each floor. Ingrc(ticiits 
may he processed on a number of floors, for example meats being rooked in the bulk oven in 
OM I being passed to the chillers in OM2 and OM3 tier further processing. 
3 pasta tilling lines 
cýný2 
d filling lines 
/Ch"'er 
15 Cuoklines 
Chiller -- ;h 
Prep area 
_ -ý High Risk Filling Area 
Risk Are. 
2 Potato hn- {'Otat at" Im" to OM I 
O\13 - Chtllcr 
6 Cooklincs 
- Idling Gnr. 1', i, king , P11 10. l hill titorc. 
7 Sauce 
High Risk Riling Area I 
Potato line from OM 3 
I ncrIInc 
O11 I Chiller 'hiller 
---- - -------- Packing 44ý 
S Cookhnc 
3 filling hors 
Bulk oven Prep area 
Low Risk Area High Risk Filling Area Lew Risk Area 
Figure 10.1, Overview of Oscar Mayer Production Facility 
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I'roºdtic Iion 
0112 
OM Warehouse 
I)e%pa 
OM3 
OM1 
----- Ingrcdicnt 
Inlakc 
Figure 10.2, Movement ot'product to holding wal-cli ºusc before final despatch 
A detailed breakdown of the resources available on cacti floor is provided in section 10.3.1 as 
was undertaken in mapping the production activities at Oscar Mayer. Each of tlhe prep areas 
on each floor is statled by an operator that `kits' together the required materials fi0r each 
production run, grouping the materials close to the cooklines prior to processing. Fach of' 
these prep rooms contains sonic small processing equipment (grouped in Figure 10.4 as 
`meat prep') specific to the ingredients that the cooklincs require. Marinated ingredients fier 
example are prepared in tumblers, bagged meats are scaled in this prep area, frozen meats 
may he defrosted m1iile other materials may need to he chilled. 
An obvious inefficiency comes where product is transported to a local warehouse with trucks 
transporting crates from the factory making around 15 trips per day, this transportation alone 
costing around £3000 each month. Sorting cif products prior to despatch IS undertaken at the 
warehouse, with the individual store allocations being specified tier crossdockinj at the 
distribution centre simply due to shortages of available space in the despatch areas in OM2 
and OM3 as outlined in Figure 10.2. The product that is consolidated at the warehouse each 
day accounts for around £500,000, which presents a significant overhead to the company. In 
addition Oscar Mayer has identified difticult ies in production control and also product 
routings through the factory, and problems from operators on individual floors prioritising 
their own production runs ahead of products from other floors that need to use their capacity. 
As such these problems have conic about from the operators own autonomy in sequencing 
production, working simply from order-volume lists as provided by the planners. 
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10.2.5 Production /'/urrrnin, c' 
The planning and scheduling of' production was completed manually \ is i system of 
spreadsheets (with one planer responsible for each floor) at the time of the initial research 
visit and data gathering. 'ftc planning efforts took 12 man-hour's daily, with production runs 
confirmed at 13: 00 each day (and often later, sometimes 16: 00-17: 00), aller orders were 
received at 9: 00 as Outlined in Figure 10.3. "I'hc cooking cycles to prepare sauces and meats 
für production typically began 48 hours hetiºre despatch (in some cases meats were in 
production fiºr 6 days for (1efrosting, preparation and cooking). Considerable time was spent 
determining whether there was enough material available on-hand to meet the orders, which 
could he easily completed through use of* an MRt system. Orders were manually converted 
to filling-plans, with intervention by the planners being highlighted as the primary indicator 
cif any large variances in demand, prompting action from the planner. Order variances trtmi 
the retailer were substantial, some products having confirmed orders 200°o above the 
forecasts. Across the product ranges around a third of products experienced low variances 
(below 10%), with a similar proportion varying from tiºrecasts by greater than 25`%. 
Implications for production were greatest where demand under-estimations had been made 
for products requiring use of the same manutäcturing equipment, thus causing capacity 
problems. Estimated processing times which did not realistically reflect the actual 
production performance were being used to plan production, while operator priorities in 
sequencing production and resisting manufacturing change hindered operating improvement. 
Oscar Mayer aims to achieve 99.5% customer service levels as a performance target, with 
actual levels achieved reaching 98.7%, while waste generation is given lower priority in 
order to achieve this goal, as outlined below. 
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Figure 10.3, Order placement and 3-day production overview at Oscar Mayer 
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10.2.6 Waste Creation 
Waste creation at the case study company was not measured and recorded when first visited, 
however there was acknowledgement that a great deal of waste was created by Oscar Mayer 
and inefficiently dealt with. Sources of waste creation were identified as those associated 
with: 
9 Traceability requirements and product testing, 
" Process inefficiencies, product giveaways and yield losses, 
9 Substantial volumes of waste created through overproduction. 
Traceability and product giveaways are accepted as necessary and of low volume (only 3-5 
products are kept from each product run for testing), while process inherent inefficiencies 
produced greater volumes of waste that were either bi-products or otherwise unusable to 
other processes. Overproduction wastes on the filling and packing lines represented 
considerable costs to Oscar Mayer, with some finished products being made available 
through the staff shop as `authorised extensions' by members of the technical department. 
Overproduction wastes on the cooklines were largely through calls from the planning 
department to cancel cooks which meant that pre-mixed bagged ingredients were disposed 
of, unless the ingredients had already been processed, which resulted in more costly disposal 
of the prepared batches. 
10.3 Application of Responsive Demand Management Framework 
The following section outlines the work undertaken as part of this research in applying the 
Responsive Demand Management (RDM) Framework to the case study company. In 
keeping with the structure maintained in chapter 8, the health-check is addressed in section 
10.3.1, before the improvement issues for manufacturing and order lead-times are outlined in 
section 10.3.2. Two Stage Planning of production for the case study company is described in 
section 10.3.3, before the chapter concludes with a discussion of results. 
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10.3.1 Health-check and Process Modelling activities 
10.3.1.1 Questionnaire 
The initial stage of the framework sets out to compile the available data regarding 
manufacture and supply, utilising various methods of collection. The Hiealth-check 
questionnaire was completed initially, as outlined in appendix 3, however the following 
summary indicates the highlighted points to arise from completing the questionnaire: 
  Many products will be able to be processed within the order lead-times, while a sub- 
set of products have substantially greater manufacturing lead-time, 
  Variations in processing times, changeovers etc. are considerable, and poorly 
monitored by manufacturer, 
  The single customer has great power in relationship reflected through ordering, 
forecasting and even product development, 
  Several forms of communication and information processing are utilised, with 
considerable manual input of data and face-to-face communications (planning 
meetings), 
  Although retailer provides promotion information, improvements may still be made 
regarding demand communication, 
  Scheduling is not undertaken by the planning team, (who monitor and control 
material availabilities) with production sequencing is carried out by operators, 
  Waste generation is considerable, with little knowledge of the causes and volumes of 
waste creation or the implications and costs associated with wasteful production 
being available. 
In addition to the questionnaire, a number of data collection and production measurement 
activities were organised and undertaken, with the results being used to support the 
questionnaire in providing quantitative data for process modelling. The templates used for 
this data collection are provided in appendix 3, with sample data for one of the cooklines 
measured being presented in the format developed for detailed consideration of the 
changeovers. 
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10.3.1.2 Process Modelling 
Process Modelling of the case study manufacturer was undertaken utilising Value Stream 
Mapping techniques. In order to map the production flows the resources in use at Oscar 
Mayer were grouped as outlined in Figure 10.4. Each resource was placed in a group relative 
to a floor in the production facility with the exception of the meat prep resources which are 
located relative to the processing lines they are used with. Grouping the meat prep resources 
in this way has been done as the implications for process routings are alike each of these 
resources. Other processing activities include preparation and chilling operations which 
require no specific resources apart from the approximate area in which they are undertaken in 
most cases, in this way, capacity restrictions for these operations is based upon operators and 
the constraints of the physical location. 
i 01111 Cookline i i FitlinglJne0111 Stein Cooker " 
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Figure 10.4, Groupings of resources throughout Oscar Mayer production facility 
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Process Mapping began with the itIentilic; ºtiun 01' the nºajºýr hr()(iuCt tainiiieS ºýi; ºnut; ºrturýýi 
by the company, and the selection ot'those products within each I; ººniIy that de"nºunslrºtedi the 
main tcatures Of the value stream fier mapping, as nmahhintt every component OI. all I il) 
products was intcasihlc. "Fahle 10.2 contains an exaºiihle of the initial activity niahpini, 
which details the processing steps fiºr a particular component's value stream. The 
information flows ref each Value Stream Mapping remains largely the sam e, and to clarify tile 
mappings as much as possible, after an extended VSM was Completed fi0r the Suppliers and 
distribution centres, (as shown in Figure 10.5) each subsequent mapping fiocuscd simply ()it 
the niarlutacturing processes and physical flows (as shown in I igure I0.6). As can he seen in 
Figure 10.6, the combination of' material flows (in the absence of, infiºrnlation flows) was 
undcrtakcn tier wholc product configurations. 
Detailed Process steps Value Creating Total Time 
Steps (minutes) 
Manufacturer 
Value Creatin. Distance 
time (see) (approx metre 
i)r of Raw materials (cheese mix) 0.5 
Cheese loaded into trays and held in prep area 91) 4 
Trays passed through Stein Cooker I 25 25 10 
Trays transported to OM3 potato prep area 5 ? St» 
(to UM I litt) 
+ S4m ()M; 
Trays held prior to processing 55 
Ingredients added to Flavour Masher 2 7 210 5 
Mash ingredient transported to blast chiller 0.5 47 
Held in blast chiller 340 
Transported to production line prior to filling 0.5 30 
Waiting to he added to product 20 
Addition ofmash to fish pie assembly 
(flow line through grill, cryo-freezer, 
check weigh and metal (letect) 
3 2 I (1(1 
Flow line I 30 
Addition of sleeve to product, packing to case 4 20 20 
Moved to despatch area before loading 90 45 
Table 10.2, detail of processing steps for cheese mix mash component of 600g fish pie 
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10.3.1.3 Waste Inventory for facility 
The wastes created at the case study company have been recorded as part of a new system of 
measurement which requires operators to record each instance when materials are disposed 
of to waste (termed `isolations') reporting back the following information to the planning and 
purchasing departments: 
  Product or ingredient concerned, 
  Reasons for `isolation', 
  Quantity rejected (number of foils or weight), 
  Who decided the isolation, 
  Any corrective action taken. 
The data collected however was used to create a waste inventory as described in section 
7.4.1, in order to further highlight the incidences of waste for when the obvious cost-driven 
improvements have been implemented. As can be seen from Figure 10.7, the wastes which 
did not contribute directly to product costs from the manufacturer's point of view (water and 
packaging costs) have not been recorded as part of the waste measurement completed thus 
far. 
Meat Prep- 
ingredient de- 
bag and clean 
OM 3 Cooking 
boiling and chilling 
product 
OM3 Filling- 
assembly of ingredients 
and packing 
OM3 Despatch 
Shipment of 
demanded Product 
Bulk Organic 
93.75 Kg Trim 
Wastes 
Water 
Not recorded 
Packaging 
Not recorded 
Process 
Overproduction 
137.59 Kg Out of 
Date- Drop in Orders 
Bulk Orgatiic 
Water 
Not recorded 
Packaging 
Not recorded 
Process 
Not recorded 
Overproduction 
363 Kg Drop in Orders 
Bulk flrganit - 
Water 
Not recorded 
Packaging 
Not recorded 
Process 
1499 Kg floor wastes 
and bi products 
Overproduction 
3480 Kg unpackaged product 
Overproduction 
1459 foils 
packaged and 
cased product 
Figure 10.7, Waste mapping for OM3 production areas over one month's manufacture 
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/0.3.? Altinn/ crc. ltn"in,, ' and order /. c ucl lints im/rr o% (mc nl. c 
'I'hr following section describes the work undertaken in applviin the tools used in the second 
stags of' the R1)M iramcwork I'm- improve meats of' f)IThhIuctio, n process and supply chain 
activities to the case study company. 
I0.3 2.1 Product basal techniques 
/', "u(Juct_/crrrril Y analysis was unclcrtakcii initially, the split over lion- groups as shown in fahle 
10.3, with the products manul; ºcturcd by the cast Study co mpanv considered relative to their 
volur»c. the hrcakdown of the volumes of' products revealed that, contrary to what the 
company had described initially, there Nti'erc a small number of higher volunne" products While 
most products contributed similar volumes. This means that Oscar Maya's product luortliºlioº 
has a greater balance of' product volumes, with 23°o of the products constituting hall' the 
volunic of production. In addition, the number of' products constituting vcry low production 
volumes was lower than anticipated and as such the elimination of smaller volume products 
was not considered an option for the case study company. This analysis has shown that 
Oscar Mayor's products do not fit the 'runner, repeater and stranger' model of product 
variety described in section 5.5.1.5, which the author believes is clue to the frequent new 
product introductions and retailer fetus Oil high (lcmancl products. Oscar Maycr has already 
balanced volumes of production across OM 1, OM2 and OM3, with those that share common 
ingredients or resource requirements, for example the larger volume potato ingredient 
products being processed in the same areas as the other smaller volume runs. 
Cumulative Volume Cumulative % of products Suggested Grouping 
50"ö 23°c 1 
95% 85% 2 
99% 96% 3 
100% 100% 4 
Table 1 0.3, Volume consideration of Products 
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The other product based improvement techniques included in the Framework consisted of 
design considerations. In the case of Oscar Mayer, products are all specified by the retailer, 
with decisions regarding foil design, ingredient components, shelf-life determinations etc 
being strictly specified by the retailer, with limited opportunity for modification or 
substitution given the consistency demanded. This means that ingredient interchange-ability 
is restricted as the processing of all products is to the retailers specifications, and there is 
little scope to standardise ingredients. The application of design methodologies by retailer X 
has been pressed by Oscar Mayer, and as such collaborative efforts have been undertaken in 
2005 to make modifications to design aspects of the products to improve manufacturing 
considerations. 
10.3.2.2 Process based techniques 
The Supply Chain Response matrix was used in its modified form as developed by this 
research to map capacity against lead-time for the common product routings, using average 
capacity data. An example mapping is shown in Figure 10.8. with the processing capability 
of several resources (abco masher and stein cooker) being able to process at considerably 
higher rates. However it can be seen from Figure 10.8 that the majority of the manufacturing 
lead-time is spent in blast chillers where product must reach a specified temperature before 
subsequent processing which represent variable process delays that may take around 6 hours 
to complete. 
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F28kg/Min 
ax imum- 3 kg/Mm Aboo 
r Cooks Machar + 
ä 
-- to 136 tro ieys x 120 kp ding 
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pygewiý Hokiinfl , 
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15 kGM, n Ma-mum p 
_1 __ki 
rain 
: mash Pre 
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Figure 10.8, Supply Chain Capacity Mapping of Mash Component of Fish Pie Product 
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As such. Oscar Maycr has begun a program of investigation to maximise Chill capacity, 
available through production in order to reduce the tenmperatuFC oI niatcrials in less 11111c, and 
also to identity with greater accuracy the lengths of time specilie products must he chilled 
tier. 
The use of the 1'roclrrction i cn"ieti / inrnc / as shown in simplified form (hcfiºre being 
mirrored in the x-axis) in Figure 10.9. Figure 10.9 indicated the substantial number of 
ingredient variants and the small number of processing methods to produce a significant 
number of different products, displaying the same basic "I" shape described in section 
5.5.1.7, with however a far larger number of ingredient variants than anticipated. This 
indicated that very few products shared the same base components, such as sauces, which 
would impact the adoption of a system ofstandard and specialised operations. 
Part Variants 
403 Variant 
ingredients 
231 
processing 
variants 
174 Variant 
products 
Approx 87 
Raw 
Ingredients 
18 
\ 'rocessing 
routes 
OL C' CX . 
C'' Production °' =a Lead Time 
aL 
Oa 
Figure 10.9, Production Variety Funnel fir Case Study Manufacturer 
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('onsidcrable data collection was undertaken within the case study nianutiºcturer with it 
number chi processing methods being highlighted as particularly Iiºh()ur intensive, w, ºstei il 
anti time consuming. "lc'('hiwlogical hc', uhmarkin, r' OI' tlie III MI utacttiters current (production 
methods cictcrmincci several opportunities 1,01- iniprcwcci processing. 
Max Throughput (foils/h) 2520 1680 2280 
typical Throughput (foils/h 1680 1350 2100 
Changeover Time (min) - 16-20 (2 sealer) -20 -15-20 
% total line downtime 19% 22% 16% 
Operator expertise rqd very low moderate moderate 
Average line personnel 10.4 7.6 7.1 
Total Cost Ownership moderate high moderate 
Investment Required very low moderate high 
'f'ahle 10.4, Comparison of the scaling machines fier resource iniprovct»ent 
An illustrative example of this step of the framework cane in consideration eßt-OM2's pasta 
filling lidding and sealing operations heti)re the meals pass through a chiller into the packing 
area. Lines I and 3 were heavily labour dependant tier these operations, with operators 
adding lids to trays and hand crimping the toil trays to form a seal. line 2 had for some time 
been operating using a multi-headed (processing 4-8 toils at a time) sealer which added lids 
to the trays and sealed them automatically at the end of the tilling line. Operators had 
complained of the multi-headed sealer's reliability, which regularly miss-ted trays into the 
sealer, which then required the line to he stopped while spoiled product was removed (often 
to floor waste). The improved processing time and reduced labour requirement cif the multi- 
header were measured against additional consideration of' waste creation and process 
reliability when looking to alternative processing resources. A single headed lidding and 
sealing machine operating at higher throughput times was identified as providing 
improvement to both current processing resources by means eßt- simulation, with a simple 
model being constructed to compare the performances of the different resources. Processing 
line I was trialled with a single lidding machine, which demonstrated higher reliability over 
the first month of its use than the multi-header, with other considerations as outlined in Table 
10.4. 
These process based techniques highlighted the importance of minimising the process delays 
through production (from the supply chain response matrix), a wide range of production 
inefficiencies which may he improved upon through investment in processing equipment (by 
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technological benchmarking) and demonstrated the extent to which products are comprised 
of distinct ingredients (through the production variety funnel). 
10.3.2.3 Resource based techniques 
Equipment design analysis was completed for several areas of production, in particular for 
those processing operations where considerable time was spent in changeovers between 
products as identified at the data collection stage of the health-check. Improvements to 
changeover processes were prioritised, with Single Minute Exchange of Die simplifications to 
processing operations identified in a number of resources considered within the equipment 
design analysis. A key example of which came through the cookline kettles in OM2 where 
the Fairfield (large batch) processors are good examples of effective processing, while the 
smaller kettles require significantly greater labour levels, and the process of emptying the 
kettles generates considerable waste which is inherent to the process. The Fairfield kettles 
are filled from above and then emptied automatically through pipe work at the base of the 
tank to depositors ready for use on the filling lines. The small batch kettles however are 
emptied manually over the wall separating `low risk' and `high risk' by scooping sauce or 
other ingredients from the kettle into trays which are used to serve the filling lines. The 
modification to the production area so that the small kettles could be drained to depositors or 
trays in a similar manner to the larger kettles would eliminate considerable spillage and floor 
wastes, in addition to decreasing changeover time and labour requirement. The cumbersome 
production techniques highlighted through this stage of the framework were noted by Oscar 
Mayer for further investigation. 
These resource based techniques were focused primarily on product changeovers and as such 
highlighted several processing inefficiencies caused by poor utilisation of the available 
resource. The technology required to implement such processing improvements was already 
in place at the manufacturer and the author believes the reductions of waste and improved 
process control will offset the financial investment required. 
10.3.2.4 Layout based techniques 
The Process Activity Mappings were completed in the format shown in Table 10.2, with 
resource detail indicated in the left hand column. Example mappings were created for 
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products through manufacture from detailed facility plans, and in addition several product 
lines had the flows through goods inwards through to final despatch to RDC mapped. As 
seen in Table 10.2, considerable movement of product occurs around the facility, particularly 
where ingredients are prepared on one floor and then transported to another level of the 
facility. Although there are numerous occasions where a product's lead-time can be 
improved by alternative flow layouts, this simultaneously detrimentally increases other 
product's lead-times. 
Based upon material flow analysis this research considered two major layout changes to be 
of primary importance. Firstly the movement of products to the separate despatch warehouse 
as described in section 10.2.4 was seen to add labour costs, planning and logistic complexity 
and additional lead-time substantially impacting every product. The company has invested in 
some building conversion work in 2005 and is currently modifying some cold storage space 
(used for bulk storage of long shelf-life ingredients) into additional despatch area to reduce 
the need to move material to the warehouse. Secondly the ingredient intake area and the 
despatch areas are located at the same end of the factory. OM 1 runs contra to the flow of 
production through the facility, meaning that both finished products have longer transit times 
through to the despatch area (which is located in OM2 and OM3) and ingredients have to 
travel further in OM2 and OM3 to reach the start of production. Ideally despatch should be 
completed at the opposite end of the factory, with all floors flowing production in the same 
direction, however Oscar Mayer has considered this but deemed the costs of such structural 
changes and disruption to production as infeasible. 
The layout based techniques have highlighted the material routing problems that are evident 
at the case study company and through detailed product activity mapping provide a 
quantifiable means of comparison of various production layouts. The significant changes 
identified by this research have been acknowledged by Oscar Mayer for consideration in the 
future. 
10.3.2.5 Supply Chain Tools 
Suppliers to Oscar Mayer have been able to co-operate in improving supply chain 
management methods by delivering materials on the same day that they are ordered, 
significantly streamlining goods inwards operations at the same time simplifying 
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communications. This improvement by suppliers has increased flow through the factory and 
reduced goods inwards material holding. This has however created further complexity when 
raw material supplied has failed to meet specification, meaning there is greater reliance on 
suppliers providing materials of sufficient quality. Should consignments of raw materials 
have to be scrapped then significant numbers of other materials will have to be cancelled for 
that day's production, wherein the past substantially more material was held which could be 
used in production. In addition Oscar Mayer took part in a scheme implemented by the 
retailer in which employees (planners) from the ready-meal supplier manufacturers were 
placed at the retailer head offices to co-ordinate communications and help order placement. 
This has significantly clarified drivers behind some order fluctuations from the retailer, and 
has enabled the manufacturer to collate greater information regarding planned promotions 
and product launches. 
Network benchmarking has not been possible against a suitably similar supply chain, and as 
such Oscar Mayer has considered its position relative to a set of `ideals' by which inbound 
and outbound logistics are streamlined, data exchange is made in real-time to all supply chain 
partners and service levels to customers and on-shelf availability of in-store products is 
100%. Decision point analysis of the supply chain confirmed that retailer order `pull' comes 
too late in the production cycle for products to be made to order. The demand amplification 
screen for the case-study supply chain is based upon manufacturer demand volatility 
experienced from retailer orders. The visualisation provided in Figure 10.10, demonstrates 
the level at which the case study manufacturer was experiencing demand volatility on the 
forecast order volumes received, which has been further shown in Figure 10.11 for a sample 
of 7 products. 
The supply chain considerations have improved flows of material from suppliers and 
information regarding promotions and new product launches is used by the case study 
company with greater reliability due to the improved working relationship that has been 
fostered through the planner placement. 
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0.3 2.6 Communication Streamlining 
The adoption of Collaborative l'lcmnin, c, ' 1"'uºrea. cfin, i. aººitl Re/i1cni,,; ºmen( requires 
involvement by each member of the supply Chain, but this proved to he innfeasible over the 
course cif this research. I lowcvcr, by consideration of the principle aims of ('I'FR, an ideal 
future state case tier the information flows in the case-study supply chain was generated as 
shown in Figure 10.12. The benefits this would present to the nianuliicturer in terms of order 
lead-time would he considerable, given the swifter availability ofteal-time order data and the 
inclusion cif suppliers and manufacturers in the torecasting considerations. This availability 
of data may in turn mean that supply of products from (scar Mayer may be more strcaniline(1 
through more frequent shipments of smaller volumes as orders are Completed. The view in 
figure 10.12 cif the future value stream focuses on the simplification of'the ordering process 
and does not include the required changes to replenishment, which could also significantly 
improve the way in which retailer store demand is satisfied. 
The utilisation of external communication technologies have renmamed unchanged over the 
course of this research between the manufacturer and retailer X, so to improve 
responsiveness to order confirmation and material availability problems that arise through 
production, improved internal communications have been developed. 
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Greater responsibility has been placed on the production supervisors both to anticipate and 
communicate ingredient shortages to the planners and also to quickly react to the production 
changes required immediately after order volumes have been confirmed. In this way the case 
study company has become more flexible to changes, making better use of the time they have 
available, and creating more time to respond to fluctuations in production volumes. 
Demand data is made available to Oscar Mayer from the retailer only through periodic 
summaries, while orders are accumulated and provided via Electronic Data Interchange 
daily, in a single transfer of orders. This availability may be improved upon through the 
provision of daily or even real-time Point of Sale data updated over EDI, or through other e- 
commerce methods. In addition, the retailer's ordering procedures contribute significantly to 
delays in data flows, as order volume communications are delayed until data for all products 
is available for transfer (standardised to 9am). As such, considerable improvement to order 
lead-time can be made through changes in keeping with initiatives under the Efficient 
Consumer Response approaches. 
Information flows have been improved internally within the case study company, while the 
most appropriate communication methods have been identified with regards to order 
placement, availability of demand data and the use of collaborative practices to reduce 
information flow complexity as part of this stage of the framework. In addition, the use of 
Value Stream Mapping at this stage has provided a `future state' of supply chain towards 
which each supply chain member can work to foster the alliance required for CPFR 
implementations. 
10.3.2.7 Technology for Supply Chains 
Pre-distribution cross-docking is used for the supply chain, with crates of product sorted for 
particular stores at the warehouse prior to despatch to the distribution centres. This means 
that communication management and integration costs are greater however this means that 
less material handling time is required at the RDC, further reducing the delivery time through 
to store. There have been a range of reports and press statements regarding the trials retailer 
X undertook using Radio Frequency Identification for ready-meals through one of its 
distribution centres. This trial lasted two years, and ended in 2000 (Sharp 1999; security at 
work 2005). The outcomes of this trial was for the retailer to plan implementation across all 
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stores and products, however it has been seen from the case-study manufacturer that there 
has not been a complete roll-out of RFID across all the retailer's suppliers. The costs of 
RFID systems have reduced substantially since the trial was undertaken, however the costs 
per chip have still been considered too high, preventing adoption of the technology as 
standard. 
Considerable improvements have been made to promote communication of material 
shortages from the production facility as problems arise. This involved improving awareness 
to production supervisors of the importance of timely information regarding shortages of 
ingredients and the timing of planning meetings for supervisors to report back progress from 
production. The application of production monitoring systems and Supervisory Control and 
Data Acquisition systems were determined as prohibitively expensive for the company to 
invest in over the course of this research. The informal existing information channels were 
established in a more standardised way, with regular meetings to communicate production 
progress and a culture shift by operators to communicate difficulties and delays to production 
planners in a timely fashion. The benefits of an automated data capture system, or a means 
by which production information may be made available to planning electronically were 
acknowledged by Oscar Mayer, however justification of the costs of such a change were still 
to be finalised. 
10.3.3 Two Stage Planning of Oscar Mayer Production 
The realisation of Two Stage Planning of the case study company's product ranges was 
undertaken in PREACTOR software as described in chapter 9, and is outlined in this section. 
10.3.3.1 Data inputs and Database set-ups 
The TSP realisation of Oscar Mayer's production system was structured in keeping with the 
TSP PREACTOR model. The resource and resource grouping databases within PREACTOR 
were set up to reflect the production facility as illustrated in Figure 10.4. The resources and 
resource groupings databases are depicted in Figure 10.13 (showing the population of the 
OM1 cookline resource group). Modifications were also required throughout the other 
PREACTOR databases to reflect production at Oscar Mayer, for example the shift calendars 
were modified to reflect the differences in working time on cook and filling lines. The three 
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ilia or input files described in section 9.4.2 were usc(l in the `anºe format to load product, 
order and 13111 of' Material data into the TS PRFA(TOR envirunnnent, as shown in Figures 
10.14 and 10.15. 
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0.3.3.2 Specialised and Standard operations 
The product structures found in Oscar Mayer varied considerably f-ronl the model previously 
described where relatively small numbers ofingrcelients were asscnlhledl into a wieg: range of 
products. As seen from the Production Variety Funnel in I igure 10. '), there are a large 
number of ingredients used and processed through I relatively small number of difici-cnt 
processing methods (around 18) to create a very large number of' final products. The number 
of final components is equally large, with only a few common saures etc. used in several 
products. This is in part clue to the demands ot`the retailer in specifying the nature and tiknn 
ofthe ingredients to he used and thus creates a possible improvement consideration like the 
retailer and manufacturer in fCw product development process toi consider the component 
inter-changeability tier manufacturing. In the context ut the T SP approach, the large number 
of product-specific ingredients presents a considerable challenge to waste nlimiiniisation, 
given that components can only he redirected to a very small number ofalternative products. 
The extent of this challenge is highlighted in Figure 10.16, which indicates part of the Bill of 
Materials fier Oscar Mayer's products, taken from the TSP I iruristic which demonstrates the 
very small number of common ingre(ients. 
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Figure 10.16, Sample of Bill Of Materials for Oscar Mayer Products 
164 
('Ii, ipIL"r 10 
0.3.3.3 Planning Of Production 
'I'hc challcngc for production planning tlirrcli, rc was to i nininnise wastes without tlic 
allowance in allocating ingredients to dif'f'erent final products hen dicnn; in(l hi netuates. I the 
generation of- soft schedules, and making the hest use o, t' the available rapacity were both 
prioritised to meet this challenge in addition tu the goals o, f l tiI'. In addition, a "Inall number 
of ingredients had a limited shclI life which was available to be uscct through product ion 
allowing those ingredients to he used fir the next shift hcfi, re they had to be clisho, tied of, this 
flexibility was included in consiclcring static scliccluling. 
10.3.3.4 Soll Schedules 
Static schccluling of production fr the purpose of Soft schedule generation was highlighted 
as hcing critical as to the volumes of waste created, as ingredients committed to production at 
the Sott schedule stage were likely to generate OI'W when demand 1<0r those products was 
overestinmated. Figure 10.17 provides a Suit schedule Gantt chart \ iCVs of' the cooklinc 
resources for Oscar Mayer. 
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The systematic collection, analysis and application of historical data was instigated to 
support the generation of Soft schedules, which allowed improved estimates as to the final 
confirmed order to be generated. These improved estimates limited the extent of wastes 
created in some cases. The application of historical data was used to refine the expected 
volatility, with the provision of maximum and minimum experienced forecast and order 
volumes (along with soft and hard schedule volumes and OPW incurred) for each particular 
product relative to previous seasonal, holiday and weekly trends. Plans of promotions led by 
the retailer were made available in advance by the latter stages of the research, with 
information relating to the duration of promotions, details of the offers (percentage savings, 
buy one get one free, etc) and new product launches being provided for each product up to 15 
weeks in advance. The improved confidence in knowing the extremes of order fluctuations 
for each product enabled initial commitment of ingredients to be completed more 
consistently to levels below the confirmed orders. This strategy was only possible for those 
products with short production lead-times that could have small volumes of ingredients 
prepared quickly to the known volumes required. The products with manufacturing lead- 
times that were in excess of the time available were then prioritised for waste minimisation 
through lead time reduction and consideration of shelf-life maximisation. Those ingredients 
that required long processing times (as identified through earlier stages of the RDM 
framework described in sections 10.3.1.2,10.3.2.2 and 10.3.2.4) were scrutinised as to the 
exact shelf-life demands of those ingredients and with support from the technical department 
it was found that the majority of these ingredients could be used within 48 hours of 
processing. This extension to shelf-life availability meant that it was possible to utilise the 
previous production cycle's ingredients but this required consideration of the previous day's 
hard schedule and on-hand material availability. 
10.3.3.5 Hard Schedules 
Production volumes are loaded into the TSP heuristic to determine the production 
requirements for ingredients and to provide instant feedback for those instances where 
demand has been over-predicted. Figures 10.18 and 10.19 show the TSP heuristic populated 
with OM data which outlines the waste ingredients identified (Figure 10.18) and the 
shortages of specific ingredients relative to the current production volumes across all 
products (Figure 10.19). The uploading of ingredient requirements is completed from the 
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heuristic (as Shown in the liwniat in Figure 10.20) directly into Ilke ()"Cal. Mayer I SI' 
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Hard schedules are generated in TSP PREACTOR by the planner using the aforementioned 
drag and drop process. The hard schedule is released in the form of job cards to the 
production environment indicating sequences of special operations to be carried out (as 
shown in Figure 10.21) and in the most extreme cases this may be a stop order to prevent the 
creation of further OPW. The IT infrastructure at Oscar Mayer does not support the 
electronic transmission of data to the production environment so the standardisation practice 
of formal planning meetings needed to be extended to include the provision of hard 
schedules. 
10.4 Results 
As a result of the application of RDM, the following improvements have been noted within 
the case study company, described over the following four sections, addressing 
manufacturing lead-time, supply chain, planning issues and waste minimisation. 
10.4.1 Improvements to Manufacturing Lead Times 
The application of lean tools to the manufacturer was undertaken through a number of 
different stages, with small projects being implemented through the despatch areas (notably 
OM1). The investment in less labour intensive technology resources also improved 
manufacturing lead-times, with subsequent resource upgrades planned to supplement the 
changes described in section 10.2.3.2 on filling lines 1 and 2 in OM2. The large number of 
other improvements highlighted through the analysis undertaken in the RDM framework 
were deemed to require too much capital to implement instantly, but they have been noted 
and are considered for stepwise implementation. The priority improvement that was 
identified by the research involved eliminating the movement of product to the despatch 
warehouse due to lack of available space in the main factory. This was acted upon through 
building conversion to increase floor space in the despatch area to for product holding prior 
to despatch. 
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10.4.? Supply Chain C'hcurgc's 
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The author believes that the retailer's demands for late confirmation of product volumes are 
unlikely to change, in keeping with other retailer's Top Up Fresh Foods schemes, and as such 
the CPFR approach described in section 10.3.2.6 is the best route to minimising OPW and 
effective supply. This approach, like the other supply chain tools requires co-operation from 
the retailer, and until that is possible the improvements within the manufacturer to streamline 
data collection by technologies such as SCADA should be undertaken. 
10.4.3 Planning Improvements 
Improvements to production planning methods were severely affected by the absence of a 
suitable planning tool such as PREACTOR used in the development of the TSP production 
planning model. Reasons for the lack of such a tool were identified as financial and the lack 
of availability of a suitable tool to integrate effectively with the incumbent MRP system. As 
such the TSP method has been compared against production which continues to be planned 
based on product volumes with no sequencing of jobs, with operators determining the 
production sequence. Priority orders are highlighted to production, but material availability 
is still dependant upon operators indicating when there are shortages. Forecasting has been 
significantly improved, with a steady order state being used as the starting point for each 
production cycle, which is subject to change on order confirmation. Performance 
measurement undertaken as part of the health-check has served to improve the processing 
and changeover times used in the MRP system, which were inadequate on its initial 
implementation, providing unrealistically small production capacity. Oscar Mayer continues 
to work towards the implementation of a visual planning system for production sequencing 
and improved operator support, while the possibilities highlighted through this research have 
demonstrated the cost savings, lead-time improvements, layout implications and waste 
reductions possible through the TSP approach. 
10.4.4 Waste Minimisation 
By far the most marked improvement in Oscar Mayer's operations came through the 
reduction of manufacturing wastes, where substantial financial savings were realised as 
described in section 10.3.1.3. The implementation of a scheme of waste measurement was 
driven throughout the factory and has resulted in significant cost reduction as shown in 
Figure 10.23. This trend for reduction of waste costs has been affected on two occasions, as 
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represented by spikes (I) and (2) in Figure 10.23. Spike (I) represents wastes associated will) 
Christmas, which traditionally experiences unpredictable dIenmand. Spike (? ) in I igure I(º.? 
shows waste costs associated with the withdrawal of products and iiit irnts rontai>>in, ik-d 
with `Sudan I' in February 2005, Cl 5,000 of which IS estimated to lime peen dire"ctIV Caused 
by the withdrawal. 
These improvements were driven initially by the monitoring of the costs oºt'the wastes heim; 
created, the better use o1- the MRP system and with preventative measures targeted at waste 
III inimisatloll. Cultural issues relating to the collection of' data were difficult to uvcrcoonre, 
however the closer monitoring of production wastes led quickly to considerable recluctiuns 
which quickly reduced weekly waste costs to around £ 15-k 20,000. The wastes generated by 
Oscar Mayer may `till be substantially improved upon, as the savings described were initially 
ascribed to the greater accountability of operators in disposing of product and ingredients. 
'I'hc application of tlhe RDM framework and turther improvements to planning that may still 
he achieved will significantly reduce creation O OPW, which has remained a major 
contributor to the overall created wastes throughout the case study. 
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Chapter 11 
Concluding Discussion 
11.1 Introduction 
The discussions provided in this chapter are based upon the research contributions reported 
in this thesis and bring together the major research issues in order that a set of conclusions 
may be formulated. The initial part of the chapter provides an overview of research 
contributions and outlines the broad food industry considerations that provided the context 
for the work. The remaining sections of the chapter draws together the points of discussion 
using the structure defined for the research scope in chapter 2. 
11.2 Research Contributions 
The author has identified the following to be the major contributions to this research subject: 
i) Generation of a comprehensive waste model that can be used to identify types and 
sources of waste and also the factors contributing to waste creation in food 
manufacture, 
ii) Definition of a number of waste analysis methods, namely waste inventory analysis, 
cost versus environmental impact analysis and Reduce-Recycle-Disposal analysis 
which can be utilised to identify the most effective means of waste minimisation, 
iii) Construction of a formal health-check procedure through design of a bespoke 
questionnaire to ascertain the current state of production and supply chain activities in a 
company and to collect required data to be used for subsequent modelling and 
improvement tasks, 
iv) The generation of a framework for Responsive Demand Management to improve 
manufacturing and supply chain management activities in convenience food sectors 
based on a systematic program for consideration of products, processes, resources, 
layout, supply chain management, and demand communication technologies, 
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v) Generation of a reactive hybrid two stage production planning based on the advantages 
offered both by static and dynamic planning to minimise overproduction wastes. 
11.3 Concluding Discussions 
The remainder of this chapter uses the structure of the scope to outline the points of 
discussion arising from the research. 
11.3.1 Food Industry Considerations 
The growth in the demand for convenience foods and ready-meals in the UK has been driven 
by changes in lifestyle and available leisure-time with people prepared to spend less time in 
preparing foods, and convenience foods now established as a significant food sector. One of 
the fastest growing convenience foods has been ready-meals, which have been described as 
having lengthy processing times due to the value added nature of the meals, and being 
demanded in highly volatile quantities due to the consumer's demands and requirements for 
fresh preparation which resulted in short shelf-lives and consequently produced considerable 
OverProduction Waste. These consumer preferences mean that production of ready-meals is 
tightly constrained while the dominance of the UK retailers means that ready-meal 
manufacturers are pressured into a highly wasteful production procedures in order to meet 
demands. The dominance of the retailers in their buyer-supplier relationships is due to the 
aggressive brand building of own-label products that has coincided with the proliferation of 
convenience foods. The establishment of retailer brands as leaders in ready-meal sectors has 
meant that the profitability of ingredient producers, farmers and manufacturers has been 
significantly impacted. However, the most concerning trend was the volume and cost of 
overproduction waste generated as a result of inappropriate planning and supply chain 
management procedures as evidence in the companies visited during this research. This 
highlighted the requirements and possible timely benefits that can be gained by the 
application of the research concepts investigated by this research 
11.3.2 Environmentally conscious manufacturing in the food sector 
There is concern among manufacturers related to the increasing legislation and consumer 
pressures regarding environmentally sound manufacturing practices and sustainable 
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production. Simple disposal of wastes to landfill is no longer acceptable through significant 
economic, environmental and also ethical issues and thus greater consideration must be given 
to both the costs and volumes of wastes created by manufacturers and how they are dealt 
with. In cases of OverProduction Wastes, significant water, energy and material resources 
are consumed, and despite the costs these represent to manufacturers, considerable wastes 
have been generated in the past in order to meet the demands imposed by the retailers. The 
current focus of improvement methods on waste water and packaging highlights the 
requirement for the consideration of other environmental impacts throughout production, as 
has been addressed by this research. 
11.3.3 Operational Management tools and Techniques for food manufacture 
There has been a long-standing shortage of literature relating to planning of food 
manufacture, with the bulk of research interest in the food industry traditionally being 
targeted at the fields of food science, generic operations and supply chain management 
issues. The contemporary techniques described as part of this research have considerable 
potential to improve manufacture and supply chain issues within the food industry, 
particularly where combinations of these techniques are applied. The challenging demands 
by both the consumer and retailer necessitate more sophisticated computerised approaches to 
operations management and production planning which have often been developed for 
applications in manufacturing industries other than those concerned with food production. 
Software applications in use in the food industry therefore have been modified or required 
additional modules, with very few IT tools being developed primarily for use in the food 
sector and addressing the inherent requirements described in this thesis. As such the current 
operational and supply chain management tools developed for engineering applications are 
not suitable for application in food sector. The research concepts investigated in this thesis 
provide support for the development of the bespoke tools tailored to the bespoke 
requirements of food manufacturing sectors, in order to effectively manage the supply and 
production planning challenges they face. 
11.3.4 OverProduction Waste in the food industry 
The study of factors influencing OverProduction Waste creation highlights that the 
relationship between manufacturers and retailers is one of the drives and possibly the greatest 
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contributor to the generation of OPW. The volatility of demand on combinations of products 
and the lack of formal communications technology to provide early warning for 
manufacturers has prompted manufacturers to over-produce. Food industry waste has been 
largely considered as consumer landfill waste and as such manufacturing wastes have been 
such low priority that wasteful production has been thought of as acceptable to meet 
consumer demands. Further classification of wastes by this research allows for the 
separation of wastes filtered at source in production to different end processing or disposal 
that the author contends will lead to considerably more effective waste control and reduce 
environmental impacts. 
When considering food manufacturing in a broader sense, it is the author's belief that a 
consistent structured approach to waste prevention through the food supply chain has been 
lacking, providing the impetus for the generation of the waste model described in this thesis. 
Although many initiatives are in place locally under particular producers, processors and 
retailers, there should be a common goal for all food supply actors to ensure that a truly 
sustainable food production industry provides for all as required whilst minimising the 
impacts of consumer demands upon the environment. 
11.3.5 Responsive Demand Management Framework 
It became evident in the early stages of this research that there was a general acceptance of 
waste creation and the ineffectual planning procedures in place, however there was also 
considerable lack of awareness of the tools and techniques by which this situation could be 
improved. The specific case of OPW that the research set out to address was a dynamic 
composite of several considerations across supply chains, manufacturing and production 
planning with a complex set of inter-relationships between each. The author believes that 
this situation requires a systematic improvement approach and therefore a framework has 
been proposed as a suitable tool. The application of the Responsive Demand Management 
framework enabled the most apt tools available to be utilised in support of the reduction of 
manufacturing lead-times and maximisation of order lead-times to allow adoption of a Make- 
To-Order approach. However it was acknowledged that Make-To-Order in some cases 
would be exceedingly difficult to attain, and so the establishment of a Two Stage Planning 
method has been investigated to improve responsiveness to late demand changes. 
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A further point about the RDM framework is that health-check and improvement processes 
were supported by the author throughout the case study however it is feasible to automate 
these stages of the framework through development of a case tool which would support all 
three stages of the RDM framework. This has been suggested by the author as one avenue of 
further work in chapter 12. 
11.3.6 Production planning approach based on Two Stage Planning 
Contemporary planning tools provide significant capability to store, manage and define 
complex planning and scheduling rules. The novel approach defined by this research has 
taken advantage of such capability through Two Stage Planning (TSP) of standard and 
special operations to minimise OPW. The proactive approach to planning based on both 
static and dynamic scheduling allows OPWs to be minimised through reallocation of material 
at the order confirmation point. The author would like to highlight the difference between 
the TSP approach and postponement approaches suggested and adopted in a number of 
engineering applications, which separates production into two independent stages based on 
Make-To-Stock and Assemble-To-Order. The TSP approach considers production as a 
single activity planned in two stages as components in production cannot be held as stock 
and will create wastes if production is not balanced for ingredients over every order cycle 
due to the short shelf-life of ingredients. A commercial planning tool was selected and 
utilised to provide a computational viewpoint for the TSP model, but this required 
enhancement in its functionality. This highlighted the flexibility offered by contemporary 
manufacturing software that can effectively be utilised to achieve a very complex scheduling 
rules which can potentially provide significant cost saving and waste minimisation. 
11.3.7 Demonstration of the validity of the research concept through case study 
A number of potential industrial case study companies were visited as part of this research, 
however time availability meant that detailed consideration was limited and Oscar Mayer 
was selected based upon commitment, interest in and support of research, in addition to 
availability and access to waste data, planning and production activities. The initial health- 
check highlighted a range of planning and supply chain issues and provided mapping and 
visualisations of the improvement areas. The improvement procedures identified through the 
application of the RDM framework required further cost/benefit analysis to justify 
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modifications to production (and layouts) while successful improvement of network 
relationships enabled the streamlining of deliveries. The author was particularly encouraged 
by the reduction of waste volumes and costs demonstrated at Oscar Mayer, with the greatest 
benefits achieved through the implementation of the simple measurement controls. Two 
Stage Planning of Oscar Mayer's production facility was demonstrated using PREACTOR 
software which demonstrated the applicability of the research concept to the company, and is 
now being considered as part of their IT and manufacturing planning improvements. 
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Chapter 12 
Conclusions and Further Work 
12.1 Introduction 
This chapter provides conclusions drawn from the research and suggestions for further work 
areas based upon the research issues reported in this thesis. 
12.2 Conclusions 
The conclusions drawn from this research are as follows: - 
i) The convenience food sector in the UK has expanded significantly, and is now 
established to account for around one third of the total spend on food, while this 
research has shown that the effective planning of production and supply chain 
relationships of convenience food manufacturers requires significant investigation 
given considerations which are particular to this sector. 
ii) The increased prominence of environmental issues and consumer pressures 
necessitate an environmentally conscious manufacturing approach to be adopted in 
food manufacturing. This research has identified that waste from overproduction is 
considerable in the convenience food sectors, particularly in the volatile markets 
where unpredictable demands and short shelf-lives have led to the use of 
overproduction tactics in order to meet very tight due dates imposed by increasingly 
powerful retailers. 
iii) The creation of OverProduction Waste is a priority for elimination from 
environmental, ethical and economic points of view, because this is considered as the 
most wasteful use of resources. Therefore the underlying factors contributing to the 
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generation of OPW identified by this research need to be addressed through the 
improvement of production and supply chain activities to minimise such wastes. 
iv) The majority of planning and manufacturing software tools in food manufacturing 
have been developed for engineering applications and as such are unsympathetic to 
the demands of food production systems and constraints, with most food 
manufacturing systems modifying existing software systems to the `best fit' of their 
needs. New bespoke planning and IT support tools are required for food 
manufacturing and must be investigated to support the specific goals of the food 
sectors. 
v) The application of planning and supply chain tools and techniques structured in such 
a way that allows sequential combinations of improvements to be considered as 
identified by this research within the Responsive Demand Management framework 
has shown to provide an effective systematic approach to the minimisation of OPW. 
Production improvements sequenced into categories of product, process, resource and 
layouts presented a powerful approach to improving manufacturing performance 
within the production system. Supply chain improvements similarly structured to 
categorise supply chain management and demand communication technology 
provided strong support for network co-ordination and order lead-time reduction. 
vi) The hybrid planning approach described as part of this research has been investigated 
in response to the situation in convenience food manufacture where a Make-To-Order 
is not possible. This intelligent two stage consideration of production volumes is 
based upon knowledge that orders will be received late and thus production plans 
need to proactively be updated. This novel two stage planning approach has shown to 
provide advantages offered by both static planning through efficient management of 
standard operations and dynamic planning through the ability to react to changes in 
demand for minimisation of overproduction waste. 
vii) The case study considered within the context of convenience food OverProduction 
Waste minimisation has effectively demonstrated the applicability and significance of 
the research concepts. The application of the waste analyses and the RDM 
Framework have resulted in environmental and economic benefits, while the 
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implementation of the Oscar Mayer TSP PREACTOR configuration has 
demonstrated that the hybrid two stage production planning approach provides a 
powerful tool for reduction of OPW in convenience food manufacture. 
viii) The significant contributions made by this research has highlighted the gains possible 
in reducing waste creation through convenience food sectors. However, as the 
challenges in convenience food sectors become more complex, through retailers 
becoming increasingly powerful, greater consumer demands for product variety, 
freshness (reducing available shelf-life), and convenience which may further shorten 
order lead-times; further development of bespoke tools to support food manufacturers 
in the face of these new challenges will be required. 
12.3 Further Work 
The author recognises the following areas for further work arising as a result of this 
research: - 
12.3.1 Implementation of TSP within ERP 
As stated, the TSP production planning model has been implemented using a bespoke 
commercial scheduling system. The interoperability of production schedulers and traditional 
MRP systems has been questioned over the course of this research in addition to the 
limitations in the development of systems without considerable investment and vendor 
support to provide modified planning systems. However, current ERP systems used by 
increasing numbers of major food manufacturers and retailers have production scheduling 
incorporated as part of overall system capability. Therefore implementation of the TSP 
approach within ERP systems to provide seamless adoption of such novel concepts without 
the requirement for purchasing and installation of another third party software system. 
12.3.2 Cost/benefit analysis wastes 
As indicated in chapter 6, the wastes from certain processes in food manufacture may be 
considered the raw materials for entirely different producers or industries. This point was 
illustrated by reclaimed bulk organic wastes being used in composting or fertilizer when 
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made available to farmers (or even manufacturer's suppliers) or alternatively being 
incinerated on site to provide some renewable energy to the manufacturer. A cost benefit 
analysis of the best course of action for each waste stream identified by this research is 
required in order to support business decisions as to what to do with wastes created. Such 
decision support is of increasing importance as legislation regarding the environmental 
performance of food manufacturers becomes more widespread, and robust environmental 
justification for disposal, recycling and minimisation of wastes being demanded. 
12.3.3 Development of a CASE tool to support Responsive Demand Management 
Framework 
This research has provided an effective systematic approach for consideration of production 
and supply chain issues that create overproduction wastes in the form of the Responsive 
Demand Management Framework. There are a range of techniques and methods applied to 
improve production planning and scheduling, and these can benefit from the design and 
development of a Computer Aided Software Engineering (CASE) tool to support the various 
stages of RDM. In addition, such software support will reduce the extent to which the 
framework is expert-driven. The development of such a CASE tool specifically designed to 
simplify, direct and support the improvement activities within each stage of the RDM 
framework will prove a valuable extension to this research. 
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Appendix 1 
INDUSTRIAL VISIT REPORTS AND INTERVIEW 
DOCUMENTATION 
A1.1 Introduction 
This appendix outlines the industrial visits undertaken as part of this research, indicating 
the main manufacturing activities, information flows, order and production lead-times, 
product shelf-lives and other relevant issues discussed with each company. The reports 
generated resulting from these visits presented as listed below: 
A1.2 X Dairies, 
A1.3 G Bakery (sandwiches), 
A1.4 U Prepared Foods (sandwiches), 
ALS A Prepared Meats, 
A1.6 0 Ready-meals, 
Al. 7 R Foods (prepared meats), 
A1.8 G Ready-meals. 
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A1.2 X Dairies (15/4/03) 
A 1.2.1 Company Background 
X Dairies have a number of processing facilities across the UK, with the midlands facility 
being the focus of this visit report which employs around 230, the company dates back to 
the 1920s. 
A1.2.2 Products 
X produces milk for five retailers under own label product categories, in each of the milk 
product variants (standard, semi and skimmed) and in 4 sizes. The shelf-life demands are 
the day of manufacture plus eleven days before expiry for the retailer to use or pass on to 
consumer. Demand for X's products may be described as steady, with a regular pattern in 
the product take-up over the course of the week with variations in demand most noticeable 
around holiday periods when consumer buying habits are skewed. 
A1.2.3 Order Lead-time 
Production for the site is generally based on orders received, though historical data for 
demand variations are used in order to plan for departures from the regular buy-habits (for 
example in the weeks before a national holiday) in order to ensure the required capacity can 
be met. A retailer's orders for the following day is aggregated and placed at a fixed time 
(for example, for one retailer this may be 5 am, another 7 am) for delivery the next day. 
Although the orders for particular retailers are lumped together, the distribution for each 
store is carried out individually, and staggered throughout the day to suit delivery schedules 
suiting both X and the store involved. Orders are placed via Electronic data interchange 
(EDI, in this case AS400 from IBM) and then confirmed and inputted to ScheduleX (a 
scheduling software by Numetrix) by the Telesales Department, see figure A1.1, below 
A 1.2.4 Manufacturing Lead-times 
The raw material (milk) is brought to the facility and held in storage tanks prior to 
processing, each of these tanks is cleaned every 24 hours, so no product is held in the 
storage for any more than this. The pasteurization process is completed within a short 
period of time, and the make-span to take the raw milk through processing, chilling and 
filling of bottles is considerably lower than the reaction time to produce a batch of product 
for dispatch. 
A l. 2.5 Additional Information 
ScheduleX has been used for the purpose of short interval scheduling, to maximise 
throughput to balance with sales, to reduce inventory and to synchronise with production 
flow as shown in Figure Al. I. 
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Figure A1.1, Diagrammatic Representation of the Information Flows for X Dairies 
The planning manager applies his experience to the task of arranging the orders inputted 
into ScheduleX on the planning board into an arrangement that will meet the demand 
subject to the following constraints: 
" Two main customers have priority and their orders are scheduled first 
Shortages to be met are prioritised 
The delivery schedule is considered (today or next day despatch) 
The milk type to manufacture 
The pack type to be used (bottle size and cap colour) 
The shelf-life retailer constraints are considered 
" Labour availability 
The planning board is manipulated manually, having a line for each flow line, and a 
different colour and code for each milk type and customer. The process of inputting and 
manipulating the customer orders takes the planning manager roughly 30 minutes each day, 
and the data interpreted from the scheduler is downloaded into the Management 
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Information System (MIS) from where several sources access the information held. Where 
there is an apparent shortcoming in the production capacity for the day the planning 
manager is able to liaise with other X Sites and add to their orders for the day to meet 
demand. The processing plant uses the data within the MIS to give a breakdown of how 
much milk is required for the day's production in terms of volume of product. 
Communication outside of the information system is common, with shortage data being 
passed between the chilled store and the planner regularly, in addition to a nightly audit or 
stock check in the chilled store to confirm the actual on hand product available to the 
stores. Additionally communication between the processing plant and the planner is 
supplemented through informal channels to ensure the storage tanks have enough capacity 
to meet the demand faced. Currently information is passed down to the production lines 
via the MIS that the line operators access and manually input product codes displayed. 
This process is due to be updated as the MIS in X is due to be upgraded and opportunities 
for operator error reduced, in line with one of the large customers supplier policy. 
Operational efficiency, waste, stoppages and other performance data are collected in real- 
time in the MIS from each of the production lines, and each individual case of downtime is 
reported back into the system to aid diagnosis of areas in need of improvement. The 
information collected is stored in an Oracle database, though reporting is typically done 
through Excel or similar program. The software in place has been customised by each 
vendor company to meet X's requirements (numetrix, orbe and marex) support contracts 
from software vendors have been criticised as expensive in the past. 
A 1.2.6 Other Issues 
The scheduling complexity in servicing all stores rather than a small number of RDCs 
makes this the most extreme case faced in scheduling production to meet a series of 
despatch times from lumped order placement. 
A1.3 G Bakery (sandwiches) (7/5/03) 
A1.3.1 Company Background 
G has existed as a company since 1948, and is now a part of a large food group comprising 
a number of separate companies operating in many different sectors throughout the UK. A 
smaller bakery only site is run by the company in the area, which has been used to 
prototype different products and also equipment and software (notably PREACTOR). 
A1.3.2 Products 
The site employs around 1400 people, and the production facility is split fairly evenly 
between chilled products (virtually all of which form sandwiches to supply one high street 
retailer) and bakery products. G services 6 RDCs at fixed times everyday with around 55 
product variations, though these products are subject to seasonal variations, and, in fact 
25% of the current products have been in production for less than 12 months. Although 
some ingredients have long shelf lives (25% being delivered at intervals greater than I 
month), post processing chilled products have 2 days shelf-life, and in the most extreme 
product cases 1 day before expiry. 
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A 1.3.3 Order Lead-time 
Confirmed order volumes are received the night prior to production, on hand resources 
have been identified as a problem, given that additional labour is kept available to meet 
demand uptake, however the demand level isn't confirmed until late, so often personnel are 
waiting to provide the peak capacity that is periodically required. The handling of 
customer orders is described broadly as shown in the Figure A1.2. 
. ----------- 
Customer 
Order EDI Transfer 
SAP/R3 
------------ 
--------------------------------------- 
Production and 
despatch 
Production 
Scheduling 
Activity 
--------------- ---- 
----------------- 
Central 
Food Group 
--------------- 
G Bakery 
Downloaded 
Spreadsheets 1 
--------------= 
Figure A1.2, Representation of Order processing through scheduling for Chilled Products 
at G Bakery 
A 1.3.4 Manufacturing Lead-time 
Despite high volumes of throughput possible in assembly, value-adding steps for example 
cooking and massaging ingredients amount to roughly 24 hours. Production of the chilled 
products is completed over 10 assembly lines each with up to 30 operators operating on it 
depending on the product, with a dedicated prep-room and cookhouse elsewhere on site. 
Production is currently manually carried out, though automation has been prototyped. 
A 1.3.5 Additional Information 
The company is currently exploring means by which software systems for order handling 
and production scheduling may be implemented, SAP R3 is already part implemented as 
the ERP system (completed October 2004). Around 180-ingredient suppliers work with the 
company, roughly half being UK based, a further 30% being European, with the remainder 
of suppliers being sourced from around the world. 50% of suppliers deliver to the facility at 
least once per week, with 12% delivering daily and 18% delivering twice weekly. 
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AM U Prepared Foods (sandwiches) (8/5/03) 
A 1.4.1 Company Background 
U prepared foods has supplied a high street retailer since 1989 with production at the 
midlands site being split between deli products and sandwich type chilled products. The 
company, which was originally formed in 1926 now commands a 45% share of the 
retailer's convenient prepared food own brand. 
A1.4.2 Products 
Roughly 60 product variations (some variations are based solely on the base-card placed in 
the packaging) are manufactured, though 5 represent 30% of total production. Manufacture 
is completed over Ii production lines, 2 of which are fully automated (leader lines) and 
handle the company's core products over extended product runs. Shelf-lives of the product 
are typically production plus 2 (expiry two days after despatch), though some products are 
suitable to be frozen, and then have 2 day shelf life after being defrosted. This potentially 
is a means of smoothing demand against demand volatility, though the exact number of 
product this is feasible with, or any effect on product quality is unclear. 
A1.4.3 Order Lead-times 
The final confirmed order is placed at 6am (often then to be changed at Bam) for a lpm- 
8pm despatch, depending on the RDC. Some 250 suppliers service the site, which again 
supplies to a small number of RDCs at specific despatch times via a third party Logistics 
(3PL) handler. Orders are received into Kewill systems EDI, and then the relevant 
information dropped into Excel spreadsheets for the purposes of scheduling. Various 
reports are then generated by the production planning manager for each line supervisor 
detailing product type, volumes and times to be met, in order for the day's production to be 
completed. 
A 1.4.4 Manufacturing Lead-times 
Some preparations can take as long as 48 hours, with changeovers for the automated lines 
take roughly 45 minutes, whereas the manual production lines, though being much more 
labour intensive are flexible enough to perform short changeovers and thus run shorter 
batch sizes. The minimum run of any product handled by the company are around 120 
products, and frequent daily runs of around 16-17000 products are common. 
Al . 4.5 
Additional Information 
The company is about to undergo alteration of production layout in order to better facilitate 
production flow. 
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A1.5 A Prepared Meats (7/6/03) 
A1.5.1 Background 
`A' was established as a company in 1908 and now spans a number of sites in the East 
midlands producing sausages, cooked meats and pastries to a number of (including the 
largest) retailers. Manufacture of sliced meats is completed at a new facility with room for 
expansion on either side, should demand require it. 
A1.5.2 Products 
Around 10% of the products manufactured by A are own-brand produce, with around 56 
product variations. The ranges of shelf-lives are typically P+30 for sliced ham, P+16 for 
beef and as much as 16 weeks on some products, with A having typically 4 days (2 for beef 
products) before despatch. A holds no more than 3 days finished goods stock, with around 
4 weeks worth of material on hand through production (used to ride price fluctuations). 
A1.5.3 Order Lead-times 
Processing of raw meat is completed to stock, with finished good on hand being used to 
meet orders almost exactly. A weekly forecast is received, followed by pre-finals (3-4 days 
before due date) and then orders are received 2 days prior to due dates. Orders are received 
via EDI, however this is still inputted manually to plans, with an MRP system currently 
being piloted to remove this step. 
A 1.5.4 Manufacturing Lead-times 
Standard products are held for 4 weeks after cooking (in a chiller wind tunnel) before being 
debagged and brought to temperature for 12 hours, from which slicing and despatch take a 
few minutes. Changeovers take around 5 minutes, with production capable of slicing 15000 
products per 8 hour shift, cleandowns occur every four hours. 
A l. 5.5 Additional Information 
Orders for ingredients are made daily, with suppliers coming from a range of areas, though 
all are approved by the retailers first. 
A1.6 0 Ready-meals (13/5/03) 
A1.6.1 Background 
The company was established in 1985 as a privately owned company in order to supply 
ready meals. The production facility is staffed by 1000 personnel, operating 24hours a day, 
7days per week, though night work mainly consists of hygiene teams and cook cycles. The 
main facility is split over three floors, each of which manufactures a different base of 
products, one for Italian dishes, one for traditional English dishes and another for ethnic 
foods. 
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A 1.6.2 Products 
Currently manufactures 130 of a retailer's own label products, 80 of which are described as 
core lines, and have greater demand accordingly. 
A 1.6.3 Order Lead-times 
Orders placed at 9 am each day, which are frequently considerably different to the forecast 
demand available for the immediate 7 days from the retailer's (PDS- Performance Data 
Site) website. The orders placed at 9 am are for despatch to RDCs at the earliest 19: 00 
hours that day, through to 12: 00 the following day. The planning and scheduling effort is 
completed manually via a system of spreadsheets (with one planer responsible for each 
floor), and runs to 21 man-hours daily, with production runs being scheduled and 
confirmed at 13: 00 each day. Manual intervention of the orders by data input was 
highlighted as the first indication that the company has to react to large variances in the 
demand forecasted. 
A 1.6.4 Manufacturing Lead-times 
The make-spans of products vary from a few hours to several days for products requiring 
long cook or marinade cycles for example. Products are moved to a separate despatch 
facility from where 10 RDCs are serviced for retailer's. Some ingredients have a certain 
amount of shelf life available for 0 to use, and as such products with large variances on the 
days production may be held as stockholdings for the following days products. 
A1.6.5 Additional Information 
The company has identified difficulties in production control and also product routings 
through the factory, and have expressed an interest in the application of simulation to 
improve operations in these areas. Problems have arisen in the factory when operators on 
individual floors prioritise their own production runs ahead of products from other floors 
that need to use their capacity. Production control and overcoming a legacy company 
culture have been identified as priorities before effort is expended in improving the 
companies scheduling efforts. Even so, the company aims for 99.5% customer service 
levels, with actual levels achieved reaching 98.7%. The day of the company visit for 
example, overall variance from the estimate was up 14.3% on all products. This 
unexpected demand variance was particularly highlighted in a small number of products, 
with several having around 50% uptake in demand, and one product line's confirmed order 
value being 84% greater than estimated the day previously by the retailer. Other problems 
identified on the day of the visit included large demand variances for products requiring 
use of the same manufacturing equipment, thus causing problems in capacity. 
A1.7 R Foods (prepared meats) (26/8/03) 
A1.7.1 Background 
R foods was formed in the 1960's and is now part of a group with two other companies. R 
foods has several sites in Southern England, manufacturing bacon and other value added 
meats. 
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A 1.7.2 Products 
The main site manufactures around 50 different product variations for around 12 major 
customers, and the main site can produce 500 tonnes of product every 5 days. The main 
products are all based around the same basic format, varying value cuts of meat are 
processed to small size, massaged and thermally processed as `logs', which are chilled and 
then sliced in any one of a number of ways and packed. Additionally the site thermally 
processes bacon for the MacDonald's chain of fast food outlets. 
Around 30 suppliers of raw material service the factory, though product is bought on the 
world market, from an international supplier base. The facility has been custom built, with 
many features and technologies to smooth product flow and material handling, though 
much of the packing and loading of sealed product is still completed using manual labour. 
There are 16 lines in the main filling area, two of which are more highly dedicated, with 
automatic packing machines `through the wall' in low-care packing. The thermal 
processing methods undertaken means that the company claims product can be maintained 
fresh for far longer than the 21 days that the retailers insist upon. Some products however 
have a shelf life of just 3 days from processing. 
A1.7.3 Order Lead-times 
Many orders are received via EDI and automatically uploaded into the companies Intranet, 
however, two customers still fax through a daily order that must be forwarded to the 
production planner. 
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Figure A1.3, Representation of Order processing R Foods 
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Figure A 1.4, Manufacturing, processes through R foods 
A 1.8 G Ready-meals (9/2/04) 
A1.8.1 Background 
The G company originated from the field of horticulture during the late 1800s. The site 
was opened in 1964 as a banana ripening and packing centre. The prepared toods business 
was transferred there in 1978. The first ready meal factory opened on the site in N88 and 
the first soups and sauces facilities in 1993. It is now G's largest site. where nearly 1()()() 
fresh prepared food products are made. 
AI . S. 
2 Products 
The site now comprises a number ut' distinct factories of which the recipe dish and soups 
and sauces represents some of the most volatile demand and short run products. 95°o of 
products manufactured in the recipe dish side of the tiictorv are tier a big retailer's own- 
label produce. Shelf=life for products is tracked using the 1'+ system, ww ith an internal shelf- 
life defined by the retailer of 2 days. Additionally, product is tracked using the Stock 
Keeping Unit system (SKU) with 6.2 product turns per wreck being typical. 
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A 1.8.3 Order Lead-times 
The site runs to the retailer's TUFF (Top-Up Fresh Food) scheme, where a portion of the 
days production is held in reserve for the following day. Typically around 60-70% of the 
days production is specified at 6 a. m. for distribution throughout that day to distribution 
centres. The remaining 30-40% is specified the following morning for distribution at short 
notice- each of these order placements is subject to considerable (10%) variation when the 
final confirmation comes through. Orders are manually inputted from the EDI, there have 
been reports that the lanner EDI has tendencies to crash. 
A1.8.4 Manufacturing Lead-times 
The company reports lead times of around 48 hours, when kitting of products begins, 
through to the day of production where there is typically a ten hour processing time, 
beginning in the day prior to despatch. 
A1.8.5 Additional Information 
When a product is selling well, the retailer quite happily orders above agreed capacity and 
the lack of capping of order volumes leads to serious problems within the site. 
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Appendix 2 
REDUCE-RECYCLE- DISPOSAL ANALYSES FOR CONVENIENCE FOOD 
MANUFACTURING WASTES 
A2.1 Introduction 
Support representations for each form of waste identified from chapter 6 arc presented in 
this appendix, each being based on Reduce-Recycle-Disposal described in chapter 6. 
A2.2 Reduce-Recycle-Disposal Analysis 
These are the common waste streams for industrial and household disposal, landfill and 
incineration are the disposal options in each case with the exception of waste water. 
Incineration is generally preferred, provided the calorific content of the waste is such that 
some energy can be reclaimed from the wastes, which can be completed on site, or at a 
central incineration facility. Bulk Organic Wastes (BOW) are somewhat inevitable when 
processing foods that are harvested along with inedible parts. The organic nature of these 
wastes however mean that they can have useful application in other fields- literally in the 
case of composting the waste, or in some cases the BOW may be processed in order to be 
fed to livestock (Feeds). 
Tighter Product 
110 Specification/ Processing 
at Supplier Reduce 
Ingredient Supply ---º Material Handling 
10, through Supply Chain 
Manufacture 
Goods Inwards 10 
Bulk Organic 
Wastes Shredding for Feeds 
10 Ingredient Prep Re-use 10. Composting/ Fertilizer 
00 Incineration 
Landfill Dispose 
Figure A2.1, Bulk Organic Waste (BOW) sources and Re-use Hierarchy 
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As shown in Figure A2.1, opportunities for reduction of the creation of BOW comes form 
earlier processing of the raw materials- removing husks, shells, bones, leaves etc at the 
supplier. This has the effect of reducing the amount of material handled through the supply 
chain, and in many cases this will be closer to the point of application of any BOW that are 
reclaimed for use as fertilizers or, feeds. The means by which these changes may be 
implemented include tighter product specification from manufacturers and appropriate re- 
location of equipment and work from the manufacturer site upstream to the suppliers in the 
supply network. 
Ingredient Supply 
Ingredient Pi 
Manufacture 
Cook/ Proce: 
Packing/ 
Filling 
Technology Investmcnt- 
control system sensors; 
pigging; CIP; Pressure Reduce 
washers 
Measurement and 
Housekeeping 
Recovery/ separation 
End-of-pipe solution 
Re-use 
for organic material 
Trade Effluent 
Dispose 
Figure A2.2, Waste Water sources and Re-use Hierarchy 
Waste Water has considerable implications for industry and there is a great deal of support 
available for manufacturers, particularly food industry manufacturers, in undertaking 
environmental projects to reduce the amounts of water required by industry. Capital is 
available through government agencies (Envirowise described in section 6.2) to offset the 
cost of investment in new technology to reduce water wastes, and such technology covers 
the monitoring and control of water use, automated systems (such as Cleaning In Place 
(CIP) and pigging equipment (where crushed ice is used to clear pipework for changeovers 
in place of large volumes of water). As indicated in Figure A2.2, straightforward 
housekeeping measures add considerably to the efforts to reduce consumption of water, and 
many example initiatives and case projects are documented through the government 
agencies. The possibility to re-claim and recycle the water a company uses in house 
requires considerable investment, and will not be feasible for many companies requiring a 
very high quality of fresh water in the food industry, however end-of-pipe solutions that 
reclaim much of the food wastes collected in cleaning operations will allow considerably 
more BOW to be sent for re-processing to fertilizer or feed as previously described, 
alleviating additional burden on re-processing plants that treat the trade effluent. 
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Figure A2.3, Packaging Waste sources and Re-use Hierarchy 
When considering Packaging Waste, manufacturing organisations also benefit from 
considerable support and financial incentive from government agencies to instigate 
improvement projects to reduce the amount of packaging inherent to the products. 
Reduction of packaging associated with a particular product requires redesign of either the 
packaging itself, or the accompanying handling procedures to produce those products as 
shown in Figure A2.3. Expert support is available for free in undertaking such re-design 
projects for packaging minimisation, again through the government agencies listed earlier. 
The most common methods by which these improvements may be made come in the form 
of elimination of the need for intermediary packaging, and double packaging of products 
and components; and there numerous examples of such improvement projects. Separation 
plastics from general wastes in manufacturing facilities will significantly ease the 
subsequent processing in collecting wastes for re-cycling from the general waste streams, 
increasing the cost efficiency of such operations. 
Cook/ Proc 
Manufacture Pre-Fill Pr 
Packing/ 
Filling 
Technology investment 
and Redesign of Reduce 
equipment/ layouts 
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Reclamation to DOW Re-use from commercial and 
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Dispose Landfill 
Figure A2.4, Process Waste sources and Reduce-Recycle-Disposal 
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Process Wastes are all sourced directly from manufacturing as indicated in Figure A2.4 and 
may be best improved by redesign methods already described and modifications to 
handling methods, both aimed at reducing incidences of product being accidentally lost in 
production by process inefficiency. More costly investment in improved processing 
machinery will yield better improvements still, though the economic cost savings balanced 
against the environmental benefits will vary greatly from product and process. 
Forecast Accuracy 
Pre-Fill Prep 
Manufacture Packing/ - 
Filling 
Despatch - 
Distribution 
Reduce Lead Times 
Increase Reaction times Reduce 
Increase planning 
flexibility 
Component re-direction 
Separation to Re-use 
packaging/ DOW 
wastes 
Incineration 
Landfill Dispose 
Figure A2.5, OverProduction Waste sources and Re-use Hierarchy 
Overproduction Wastes are created late in the production sequence, either by latter stages 
of manufacture, or through the distribution channels as demand fluctuates. Compared with 
the other forms waste described here there is no support or advice available through 
government agencies to help specifically the reduction of these wastes, which addressed in 
Chapters 7 while the application of novel planning methods to better enable the re-use of 
components will be described in Chapter 8. 
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Appendix 3 
HEALTH-CHECK QUESTIONNAIRE AND DATA 
COLLECTION TEMPLATES FOR CASE STUDY 
All Introduction 
This appendix provides sample data collected from the case study company in the health-check 
and data collection phase of the process modelling stage of the Responsive Demand 
Management (RDM) framework. Section A3.2 contains the questionnaire filled out for Oscar 
Mayer at the initial visit, while section A3.3 comprises a sample of the data collection templates 
used within the production facility. 
Section A3.3 contains an example of the open (work measurement) templates used to initially 
record operational performance for several product runs (as shown in Table A3.3.1) and the more 
specific Kettle templates used for more extended consideration of individual product processing 
and downtime as detailed in Tables A3.3.2 and A3.3.3. 
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A3.2 health-check Questionnaire 
Ilcalth-check 
il \1 lilt are current order lead-nines ( in hour. '' ý 
Longest order lead-time 23 (lours 
Shortest order Icad-time 6 Itours 
b) Identify the ranges of prcoduckon lead-times (in hours. the total time ktr all 
manufacturing (peration. ) 
Production lead time: 120 f lours (product: steak and kidney casserole 
Production Lead-time 1.2 1 fours (product: pilau rice 
il ! \11l it ate Ilir t; liiý 'd "Iirll 11\ c' ,I p'"lu, 1, ni. inul. i, lui, H i-, Al1 i. i 11,11 111, 
Longest: 12 days fron cook- 9days into depot (O I has 3 days shelf-life) 
Average: 7 days from cook- 5 days into depot (O NI has 18-24 hours self life) 
b)_ I What are the typical ranges of changeover between product runs? 
10 - 15 minutes is typical and planned for. Frequently found to be less than this and 
around 5 minutes. 
Large equipment changeovers can take 20 minutes 
c) I1,, \r many products does the compan\ produce'' I low many component ingredients me 
_j 
rcq uired' 
Around 120 products, new introductions (modifications or genuine new products) are 
frequent 
Around 100 ingredients this also changes substantially through suppliers 
d) Do products require dedicated tooling or operators due to process part etc' it'so identify 
the processing routes affected. 
Pasta/potato products must be processed on pasta/potato lines (dedicated filling 
machines) 
Steam products require steam filling line 
e) how 111uc11 variation is were in Inc aurauon ut the required processing tasks? 
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Considerable variation- process and product specific, operators can vary processing 
times for identical products and delays in chillers etc can result in similar hatches Iºeing 
considerably longer in the factory. 
No products are more than 48 hours through production however. 
1) What are typical hatch sizes/ production runs? 
50 kg cooks are common up to 2-3 ton maximum for sauces 
Filling runs average around 300 up to around 3000 products 
L)o current production tlows ur product routiin ("RISC ; ins piuhlcnt. ' 
Where ingredients are processed on one floor and filled on another handling and 
movement through facility is required 
i) 111o, ww Many Customers (foes the Manet icturer serum 
Single Customer only 
h) II luve many shipments are mate daily from manulai turrr? ; irr these to stores directly or 
it number of Distribution centre`? 
4umber of Stores: none Number of RDC's: ten 
Timings of daily shipments: 
o each RDC: to each Store: 
I RDC at 7pm 
; RDCs at Sam 
t RDCs at 10.30am 
l RDC at 12pm 
Flow many Raw Material Suppliers are there to the Company'! 
ISO 
d) What is the range of transit times for ingredient, ' product delivery between supply chain 
actors'? 
Longest delivery time: many international suppliers, vary considerably 
Shortest delivery time: 45 minutes 
e) Map out the supply netw"orh, iouowing tue nelo\W conventions, indicating supplier.. 
KI)Cs, transit time and frequency of delivery. 
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Dally shipment over 5 ime 
150 suppliers roter als- 7pm, 8 and Ill 21äu, 
Supplier 
4l 111 klx s Dc livery it) Daily 
11 ort-% SCI V ed 
5urpliýr by RIX' 
International 
suppliers vary 
_ 
?- 12 hour RIX"s `t ac 
grrally in delivery 
frequency and 
transit 
IýIx 
li, ii (k p, II uncut are orders ltal'l'lý 
Order placement to: 
Manufficture, I, non . I) etc. 
Orders are placed by FIN or other online mechanism? H: I11 
By telephone, Or 41miltirial- 
h)J ßy \v-l means and to ýýhºt department are orders placed by; nº, ºnutacturrr It, . uhhlier., 
EI)I to sales and /or production planning 
C) I low frequently does Manufacturer order from suhhlier. '? 
-] ---- ------------ --. - - 
Daily, with the exception of spices and bulk frozen ingredients 
d) I loww is information communicated hcm ct'n production. 1)1 01 urrnient . IThI ' ilr. 
de artments? 
Email, telephone face to face and internal server 
C) Which I: RP MRP I: UI })ackagrs are used in the company? Are incoming orders 
integrated with Production planning or Procurement? 
IT systems: 
Geac System 21 MRP (part implemented), AS400 EDI 
System Integration: 
Planning undertaken in isolation via spreadsheet 
l 
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Is Point º, 1 Sale (1')S) data madc a\ailahlr tonianutaiturrr? 
v0s, in Foal time 
Yes, after Analysis by Retailer, consolidated weekly or monthly 
rtr ýcrmr!., 
No, Not at < 
b) What is the maximum length of time ahead tit nianufaeUirr is forecast data 
worked to? Is this fi, reca. t data provided by retailers or generated in-house'' Please 1111 in 
each column below accordinely. 
(a) Maximum time (h) Manuliuclumi 
ahead data is (cncritcd 
tixecasted 
Annual forecasts 
6 nionths 
3 months 
Monthly 
Weekly Maximum for Based on 
detailed retailer 
volunlcti 
2-3 days Based on 
retailer 
Rciaikr 
Iii kI ' 
ýý: ºil: ºhIc 
, w: ºiI II)IC 
Available 
I Available 
C) What is the average and maximum 
de\Iatt m lr mii t rcc isied wlumcs Compiled %% 1111 
the actual orders placed daily? 
(a) Maximum dcviation in 
Dadra ("o change on predicted) 
(h) Average degiatiom in ordc n 
Than c on predicted) 
At Retailer 
At Manufacturer 250% 26% 
At Supplier 
\, l II . i, 
tI 
('nknomi 
iiiikiio i 
d) Are manufacturers and suppliers notified and involved in planned promotions ot'tcrs in 
stores impacting demand'? 
yes, ail rr-aniaiians as ihey are Planned 
`e vance of ; tore release 
Partly, expected increases in demand are identified 
No, N It at '111 
a) I What software package is used to create production schedules? 
Microsoft Excel 
b) Fth'e what point du customer orders encounter planner inter\ention? I Io\w du orders enter 
production plan? 
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EUI orders are manually inputted to production scheduling spreadsheet- this enables 
planners to check for large variances that require action 
c) Are (imntt charts, work to list made a ailable to production \1a electronic of Ih; inl ropy 
j means? How is data collected reported back to production 
Spreadsheet copies are printed for each production area, no means of electronic comms 
into the factory. 
Any problems in material availability etc. is reported to planners by supervisors phoning 
cl)II Io w is j', F(durtUOf secjienced'' \Vliat one the hriuritir. in seglurncilit! ph'ý'' 
Priority for that day's delivery, each line then prioritises based on tray site. produces etc. 
c) 
t Does the current method t, t plannine errate any Zruhlcni.? 
Spreadsheets require regular updating and are time consuming to fill out daily 
Plastic: No Paper: No Organic: No 
No, only Commercial Wastes are disposed of 
Are volumes costs calculated for these wastes: ' Please pr ide ranke (t er shortest 
timrscale available) 
Manufacturers- Goods Inwards: 
Costs 
Max Min 
Plastic ££ 
Paper ££ 
Organic ££ 
Water ££ 
OPW ££ 
Commercial ££ 
WecklyiMonthly/Annual figures: 
Weight 
Max Min 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Manufacturers- Prep Areas: 
Costs 
Max Min 
Plastic £ £ 
Paper £ £ 
Organic £ £ 
Water £ £ 
OPW £ £ 
Commercial £ £ 
Weekly. Monthly/Annual figures: 
\Veight 
Max Min 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
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Manufacturers- Cooking: 
Costs 
Max Min 
Plastic £ £ 
Paper £ £ 
Organic £ £ 
Water £ £ 
OPW £ £ 
Commercial £ £ 
Manufacturers- Fill/Assembly 
Costs 
Max Min 
Plastic £ £ 
Paper £ £ 
Organic £ £ 
Water £ £ 
OPW £ £ 
Commercial £ £ 
Manufacturers- Despatch: 
Costs 
Max Min 
Plastic ££ 
Paper ££ 
Organic ££ 
Water ££ 
OPW ££ 
Commercial ££ 
Weekly/Monthly/Annual 1 igures: 
Weight 
Max Min 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Weekly/Monthly Ann ual figures: - 
Weight 
Max Min 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Weekly/Monthly: Annual figures: 
Weight 
Max Min 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
Kg Kg 
c) Are the reasons teer waste creation recorded'! 
No 
J) Are customers and Suppliers participants in iomllpliance'ihcinc foI r; ' k viii \1 : 1>Il'ý 
No 
e) Are Environmental Management Schemes (ELMS) in use throughout Supply network? 
t) 
L 
What Waste Minimisation reduction tactics are already in place! 
Part of packaging compliance scheme 
---- ----- -- ----- 
g) 
I What proportion of the wastes go to the followkin : (where kno\Nn) 
Landfill: 90% ? Animal feed: Recycling: 
Incineration: Fertilizer/Compost: Glass: 
Paper: 
-- -- 
Plastics: unknown propoi reclaimed 
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A3.3.1 Work Measurement ('ookline 
I actory: ONII I Cookline I )ate, I'in, e: 29/3/05 
F. ctuipmcnt Detail: Kettle 7 
Measurement Start 'Pinne: (I. 05pm) (1. (1 
Measurement End Tine: (3.35pm) 2.3 
0 
5.1 
Product and Uhrration Detail 
(breaks/ downtime/changeover 
Filling ingredients delayed while 
requirement is establishccl 
ZPILAtJNFW (52OKg rqd) - ýý 
Volunme/ 
cycle time 
(R/nein) 
173kg 
fine 
('oºnl)lete 
(111) 
4.19 
Notes 
(deIcctslcrew 
site etc. ) 
Cook and 
supervisor 
('ook 1 o1'3 
Filling of Kettle begins (water 14.55 1 cook 
Ingredients added i o. os 
Rice Added 36.31) 
Manual till begins 60.00 1 Fill 
Fill com lets (kettle enpty) 63.50 
Hygiene o _eration complete 64.3() 1 Cook 
ZPILAUNEW 
_ 
173kg Cook 2 of 3 
Filling of kettle begins 64.40 
Heat otf' downtime for break 80.20 
Cook resumed 125.30 
Rice added 121). O 
Manual till gins 14$. 10 1 till 
Fill complete (kettle empty) 150.35 
Hygiene Cleandown complete 155.11 1 cook 
Next product : ZSA 1273Cook 
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A3.3.2 Process timing Measurement- OM Cook Line 
Templates 
The following templates were used for process measurement on OM Cook Line equipment in 
order that more accurate timings for cook cycles, changeovers and hygiene cleandowns may be 
recorded. These timings will be held on the MRP system used for planning the factory's 
capacity and replace the existing timings that are currently used as a baseline for production. 
The Potato Mashers and Pasta Lines have not been considered at this stage as their bulk 
throughput is considered on a volume basis rather than timed batches. 
Timings 
Measurements are to be recorded specific to a particular product, regardless of the equipment it 
is produced on, and as such each template records a single cook cycle and associated filling and 
hygiene operations. It should prove possible to record multiple products being processed 
simultaneously across a number of kettles, with all operations recorded being referenced back to 
start time of the initial cook. 
Processes 
In considering cook cycles on Kettles (numbered 4-7 in OM1; 4-10 in OM2 and 1-7 in OM3) the 
following process steps have been highlighted: 
Cook Start time Cook finish time is Hygiene operations begin 
begins with the often determined after final tray has been filled 
first ingredient by a member of and duration depends on 
added to the kettle- the crew (high- product and in some cases 
typically oil or risk) emptying the subsequent product. May be 
water being kettle contents into difficult to determine if 
brought up to ingredient trays equipment is idle or still 
temperature awaiting final cleaning 
operations 
Downtime 
During or in-between the phases identified above the following delays may be observed and are 
to be recorded in the relevant space on the template: 
Scheduled breaks 
  Crew Unavailable (completing other task) 
  Equipment Idle (waiting for crew for next operation to begin) 
In addition, space has been provided for details relating to crew size, defect rate etc, where 
information is available and may be recorded in the notes section. 
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A3.3.2 Kettle Measurement Template 
Product/Item Code: Factory Number: OM1I 
ZI3AI273RICE Kettle Number: (4) 
Date/lime: 
29/3/05 
Cook Phase 
Start Time 
4.19 
Projected 55 min 
Duration 
Finish 40.30 
Time 
Fill Operation 
Start Time 40.30 
Finish time 44.36 
Hygiene Cleandown 
Start Time 44.36 
Finish time 48.16 
Volume: Cook: 
1/I 
140 Kg 
Next Product 
Start Time 49.19 
Code: ZLEBONRI 
CE 
Summary 
Duration Nair, (crew dcf 'cls) 
Downtime I rook operator E3cgins Fncis 
none 
Downtime 
Duration 
End 
Notes (c'reww detects) 
Be gins 
-- 1 cook operator 
none I till operator 
Downtime 
none 
Notes 
Cook 40 min 17s Crew Low 
Duration: Risk: 
Variance -14 min 40s Crew High I 
from Plan Risk: 
Duration Notes (i rr\% Llelcrls) 
Begins End 
I cook opcrator 
Total none 
Breaks: 
Total none 
Downtime 
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A3.3.3 Kettle Measurement Template 
product/Item ('cte: Factory Number: Uhl I 
zLEBONRICE Kettle Number: (4) 
Date/'I ime: Volume: ('ook: 
29/3/05 1/1 
104Kg 
Cook Phuse 
Start Time 
49.19 
Projected 105 
Duration 
Finish 83.07 
Time 
Fill Operation 
Start Time 83.07 
Finish time 1 86.40 
Downtime 
IIOIIC 
Duration 
Begins I End 
Notes (crew. driccts) 
I till operator 
Duration 
Hygiene Cleandown A Downtime Begins End 
Start Time 86.40 Break 86.40 111.20 
Fill o begins 111.20 
Finish time 119.30 Cook begins 1 17 20 
Next Product 
Start Time 120.00 
Code: ZSA 1269C 
OOK 
Summary 
Notes 
Notes (crew detects) 
I cook operator 
AND 
I till operator 
Fill operator began cleandown while waiting for cook operator to 
return from break, cook operator completed cleandown (which 
took in total only 8 mins 10 secs: rather than the 34 minutes 
between product nins) ('ook time was substantially shorter than 
planned. 
Cook 30 min 48s Crew Low 
-- - 1 - ------ -- Total 1 
Duration: Risk: Breaks: 
Variance -75 min 48s Crew High I Total 24.30 
from Plan Risk: Downtime 
Duration Notes (rrrýv dctects) 
Downtime ý cook operator Begins Inds 
11(lill 
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Appendix 4 
RESPONSIVE DEMAND MANAGEMENT WITHIN TIIE 
FOOD INDUSTRY 
A4.1 Introduction 
This paper is from the proceedings of the International Federation of Automatic Control 
(IFAC) Conference on Manufacturing Modelling, Management and Control 
(IFAC MIM'04), held in Athens, Greece (Darlington and Rahimifard 2004). This 
Appendix describes the development of the Responsive Demand Management (RDM) 
Framework and the elements comprising it. 
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RESPONSIVE DEMAND MANAGEMENT WITHIN THE FOOD INDUSTRY 
Rob Darlington and Shahin Rahimifard 
Advanced Manufacturing Systems and Technology Centre, Loughborough University, UK 
Abstract: There has been a proliferation of advances within the processed foods sectors, 
resulting in increasing availability of value-added and convenience foods. This is due to 
consumer demands for foods that can easily and quickly be prepared and has resulted in 
significant increase in product variety and their related preparation, cooking and packaging 
processes. The research reported in this paper investigates particular applications where long 
make-spans resulting from the increased processing and preparation requirements for 
convenience foods and short notification of reaction times demanded by retailers creates 
considerable wastage in the form of over-production to ensure order fulfilment. Copyright 
2004 IFAC 
Keywords: food processing, planning, production control, performance analysis, optimization 
1. INTRODUCTION 
The food industry is bounded by a number of 
constraining factors that 
have created a unique 
production ethos which make 
it distinct from many 
other manufacturing sectors. 
The volatility of 
demand for food products can be extreme; 
dependant on a diverse range of factors while the 
products themselves often 
have relatively short shelf 
life which limits the possibility of holding a safety 
stock to guard against 
demand fluctuations. In 
addition, food manufacturers are often given very 
short reaction times 
by increasingly powerful global 
food retailers while the software support which 
would otherwise aid manufacturing 
in such 
responsive environments 
is largely adapted from 
other sectors and 
is ill-equipped to deal with food 
industry requirements. The growth of convenience 
foods has been steady and well defined, with many 
new products 
being introduced at regular intervals 
providing labour saving meal accompaniment or 
solution. Product sectors such as 
fresh foods and 
ready-meals 
have grown from small beginnings to 
have strong prominent positions in supermarkets, as 
a result of popularity with consumers seeking time 
saving products who are prepared to pay a premium 
for this convenience. The grocery supply chain in 
the UK is predominantly through a small number of 
large retailers, who thanks to the economies of scale 
offer "own label" products branded with the 
supermarket chains own name which has been 
manufactured on their behalf to their specifications. 
In this paper, the authors discuss the issues involved 
in the development of a structured approach to 
combating the long make-span and short reaction 
time constraints in order that a responsive planning 
framework to reduce overproduction wastes may be 
realised. The following section of this paper 
provides a review of the previous research work 
relating to this aim. The remaining sections of the 
paper describe the research concepts related to the 
development of a responsive demand management 
framework for the food industry. 
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2. RESEARCH BACKGROUND 
The structure of food retailing in the UK is based 
around a small number of retail chains, with a heavy 
bias for large out of town stores, where the majority 
of groceries are sold (Bell et al., 1997). The 
relationships between these retailers and their 
suppliers need to be effective for consumer demands 
to be met, however it is considered that the retailers 
dominate in their dealings and inter-organisation co- 
operation is lacking (Robson and Rawnsley, 2001). 
Demand for food products varies across the 
industry. Some foods have a fairly steady, easily 
predictable demand pattern, meaning that the 
consumer demand for the product can be met 
accurately, without wasteful overproduction, or 
disappointing consumers by not meeting their needs. 
other products, for example prepared sandwiches, 
display highly volatile demand, for which there may 
be considerable wastage when demand is over- 
predicted or consumer dissatisfaction when stock- 
outs occur. Retailers may attempt to smooth large 
fluctuations by managing the demand, for example 
by running various promotional activities to 
maintain demand for products at a steadier level, 
The demand management efforts for products are 
merely an attempt to compensate for the external 
driving conditions such as weather conditions, 
holiday seasons and sporting events which 
contribute to the demand in highly volatile sectors. 
In this context, the bullwhip effect was first 
identified by Forrester in the early 1960s, and has 
been investigated thoroughly since (Towill, 1996; 
Metters, 1997). Its basis is the amplification of 
demand across a supply chain, to the point of 
creating seemingly unpredictable 
demand volatility 
in suppliers. Additional problems occur when one 
companies actions are reflected across the whole 
supply chain, so organisations that create 
demand 
volatility can 
increase the complexities and costs 
across the whole of their supply network. 
This is a clear indication that old data causes delay, 
amplifications of 
demand and overhead. Wal-mart 
(an American retailer) broke barriers with an 
innovative approach of introducing Point Of Sale 
(pOS) data, made available to each level of supply 
chain, making actual 
demand much clearer across 
the companies (Mason-Jones, 
2000). In this 
approach the 
inventory levels at retail point may be 
directly linked to suppliers for instant notification of 
product demand. 
One of the primary considerations when dealing 
with food industry manufacturing 
is the Shelf Life 
of the ingredients and 
final products being 
processed. 
The times over which foods are fit for 
consumption may 
be accurately predicted, 
dependant on storage conditions. 
In general food quality degrades with chemical 
changes and micro-organism growth over the time it 
is held until the shelf life expires (Pegg, 1999). 
Retailers aim to provide consumers with as much of 
the available shelf life possible, limiting the time 
that manufacturers have to hold produce. 
When it comes to the scheduling of the production 
of convenience foods a number of considerations 
must be borne in mind; hygiene is of paramount 
importance and regular, intensive "clean-downs" of 
the processing equipment must be scheduled into 
the production schedule which may take as long as 
an hour per assembly line, typically occurring every 
24 hours. In terms of planning production there are 
further restrictions as to the order of products to be 
processed dependant on flavour and allergen content 
(for nut-free products for example). Production 
schedules must take into account the order that 
products must follow in keeping with constraints 
such as flavours as described in detail by Nakhla 
(1995). 
The `rules of thumb' and constraints that must be 
imposed by the production planner are also poorly 
defined, rarely recorded, and it is often the case that 
it is only the planner or scheduler that knows when 
and where to apply these rules (Van Donk and Van 
Dam, 1998). This places great responsibility upon 
the production planner, and a formalised system of 
identifying these constraints will clearly be of 
benefit in times of staff illness or turnover, and will 
aid dissemination of vital production knowledge 
across the enterprise. 
Further scheduling complications are evident based 
on the highly dynamic nature of the food industry 
(Gargouri et a!., 2002) such as when shipments of 
ingredients from suppliers arrive relative to when 
orders are placed and how this influences the way a 
schedule is created. Additionally, changes to the 
production plan from confirmed orders that had been 
forecasted create considerable complexity to the 
scheduling effort, particularly when the scheduling is 
being completed on such a compressed timeline, i. e. 
for orders which must be completed in a number of 
hours. Scheduling software has aided significantly 
the process of schedule generation, both speeding up 
the process, and allowing optimisation of the 
schedules produced to improve production planning. 
Some systems even potentially enable scheduling of 
jobs on the production plan to be integrated directly 
with the Manufacturing Execution System (MES) to 
take out all manual intervention, though the 
sophistication of such systems in dealing with food 
and drink industry problems is unclear, and certainly 
is at this stage unproven. 
224 
Appendix 4 
3. DEMAND MANAGEMENT IN THE FOOD 
INDUSTRY 
Traditionally operational planning within the food 
industry has been based on a predictive make-to- 
stock approach, which utilised a number of forecasts 
for various product demands as a basis for 
production levels. However in recent years there 
has been greater pressure to adopt a more reactive 
make-to-order approach, similar to that adopted by 
the discrete parts manufacturing companies in the 
engineering sector. The make-to-order format of 
production is represented in Figure la, where the 
overall reaction time allowed for production is 
greater than the processing time of products. The 
implementation of such reactive customer order 
driven systems has proved to be more feasible in the 
engineering sector where such reaction times are 
allowed for the given make-spans. In this research, 
reaction time is taken to be the length of time from 
when customer orders are confirmed until the 
finished products are despatched. In convenience 
food sectors such as chilled ready-meals and 
sandwiches, there is greater complexity where the 
make span of products often represents a 
significantly longer time period than the reaction 
time required by the customer. This means that the 
production processes must be started before the 
exact levels of customer demands are known. This 
is represented diagrammatically in Figure lb, where 
production starts before the orders have been 
placed, and thus order quantities must initially be 
predicted through some means of forecasting 
activity. This basing of production volumes upon 
forecasting methods inevitably introduces 
inaccuracies in the production plans, creating waste 
due to the difficulty in accurately predicting the 
customer orders to be met. In addition, further 
complexities are created in this current state of 
manufacturing convenience foods by the volatile 
pattern of customer orders due to seasonal 
promotions/marketing activities and the limited 
shelf life of raw material and finished goods as 
mentioned previously which prevents products 
being made to stock. It may be considered that the 
problem of long make-span and short reaction time 
overlap may be resolved by separate focus on the 
two distinct dimensions of this problem, namely 
minimising the production make-span and 
maximising the reaction time as outlined in Figure 
Ic. While there are many potential improvements 
that may be made in tackling the problem, the 
changes required may take some time to implement, 
and in some cases may yield only slight 
improvements to the overlap of make-span and 
reaction time. In these cases there is a requirement 
for improved planning activities to reduce the 
impact of late notification of demand volatility. 
The research reported in this paper has developed a 
structure for sandwich and ready-meal production to 
be improved with regard to the situation described 
earlier by adoption of a systematic approach as 
outlined in the IDEFO diagram in Figure 2. This 
approach is based on four major activities namely 
health check, product/ process optimisation, supply 
network optimisation and a novel two stage 
production planning. The Health Check aims to 
provide the appropriate information related to 
production processes, supply chain and production 
planning activities through a structured modelling 
activity. 
Reaction Time 
Ni eke-tpoo 
10 
Order Placement Start of Production 
Tim e 
Due Date 
a) Representation of Make-To-Order Manufacture 
Reaction Time 
Make-spa. 
10 
Time 
Start of Production Order Placem ent Due Date 
b) Representation of current Manufacture of Convenience Foods 
Reaction Time 
F bt ake-span 
1 10 Start of Production rder Placem ent Due Date Time 
c) Research goal to Minimise Make-span and M aximise Lead Time 
Fig. 1. Relationships between Make-span and Reaction Time for Food Industry Manufacture 
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lean Teclnlques Supply Chefin Manepnnenl eCemmeice Idepli» Sdwduiiq 
Fig. 2. IDEFO Representation of the RDM Framework 
The principal tool considered for this modelling has 
been Value Stream Mapping (VSM), which allows 
for simple and insightful mapping of both process 
and information flows along a supply chain. This 
mapping process provides the required information 
and knowledge to undertake the subsequent three 
activities as outlined in the following sections. 
3.1 Product/Process Optimisation 
In focusing upon reducing the overall production 
lead-time for the manufacture of convenience foods, 
it may be seen that non value-adding steps in 
production may be quickly identified, leaving only 
the time required for the processing of tasks that are 
essential for manufacture. This requires the make- 
span of the products themselves be reduced, which 
may be achieved by only a limited number of 
means. Considering each of the essential processes 
in terms of the product's requirements, and the 
technology and resources reasonable to achieve 
those requirements, it may be infeasible to reduce 
the make-span of many products significantly 
without considerable technological development or 
resource investment. As such, the effort in 
"minimising make-span" encompasses considerable 
work in reducing the time-based wastes in the 
production system by the application of Lean 
techniques, and the careful consideration of how 
current practices may be improved upon to reduce 
the incumbent value-adding processes. 
The Lean tools initially considered as being of most 
use when undertaking 
improvement of convenience 
food manufacture include Layout redesigns, Single 
Minute Exchange of Dies (SMED) philosophies 
applied to changeovers and set-ups and Work In 
Progress (WIP) reduction. The preferred method of 
determining the potential impacts of changes to 
production processes is Simulation. Small scale 
models focused on particular aspects of the process 
being considered for improvement are used for 
initial data relating to the applied techniques. A 
commercial simulation software package, namely 
Simu18 has been used for this purpose. The details 
of this research work is the subject of further 
publication and is beyond the scope of this overview 
paper 
3.2 Supply Network Optimisation 
The aspects of the problem related to the reaction 
time are considered under Supply Network 
Optimisation. This includes order processing at 
both retailer and manufacturer, point of sale data 
processing and information flows between supply 
chain members. The significant improvements that 
may be made in reducing the demand notifications 
will not be limited to the manufacturer. In order 
that the best improvements may be made, it is likely 
that all members of the supply chain are involved 
and it is to that end in part the health-check was 
devised in order to promote collaboration between 
members of the chain. The positive dissemination 
of Point of Sale (POS) data across the supply chain 
has been successfully exploited by only a small 
number of retailers, and would substantially reduce 
the bullwhip effect described in section 2 which 
may be mapped across supply chains using the 
Demand Amplification Screen as applied in VSM. 
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F=ig. 3. Value Stream Map i'Or ready-meal supply chain 
The application of new e-commerce technologies to 
better enable information flows in this way will 
reduce the time spent in order placement and 
processing, and the mapping of such flows, as 
undertaken in VSM will outline where specific 
improvements may be made. A simple value stream 
mapping for a ready-meal production facility 
undertaken in electronic (eVSM) form is outlined in 
Figure 3. Further integration of planning activities 
is Advanced Planning Systems (APS) xvill also 
impact upon the overall lead time allowed tür 
convenience foods. 
3.3 J wo Stage Planning 
Once the activity concerning the optimisation of 
make-span and reaction time have been undertaken, 
focus must then be placed upon production planning 
... u., 
activities. In this context, the research has 
developed a two stage planning tiamrwoik based on 
a hybrid approach of utilisation of static and 
dynamic production scheduling rules. In this 
approach. operations are divided into two categories 
of standard and special operations. Standard 
operations are those which do not give the product 
identity and are shared among many products. 
Special operations are those that give identity to a 
product. Ihr main principle of the two static 
planning is to use static planning tier the standard 
operations based on traditional forecasting approach 
in the first stage to generate a sott schedule, and to 
utilise a dynamic (real tine) approach for special 
operations. The second stage is initiated when 
customer orders are confirmed. Ihr confirmed 
production levels will he used to re-adjust the hatch 
sizes tr special operations to produce 
Customer Orders 
Two Stage Planning 
Stage 1 Analyse and Redefine Stage 2 
Production levels based on 
Planning of Standard Operations Confirmed Orders Real Time Planning of Special 
Operations 
(Based on Forecast) 
(based on Confirmed Orders) 
Soft Hard 
Production Schedule Production Data Production Schedule 
Production Facility 1 
Fig. 4. 'I-wo Stage Planning of Production in the Food Sector 
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a hard schedule indicating that this final work-plan 
based on confirmed orders. 
" tiht, rt s.; I l Iivcs (, I product ingrrdlirnls 
" Short Product I iFe-cycles 
In this two stage planning frail e ork. the 
processing cif standard operations are initiated based 
on the soft schedule. l he processing of' special 
operations are however subject to change. 
&kpendant upon the confirmed orders and shop-floor 
data indicating the current state of production as 
shown in figure 4. 
A commercial software scheduling system, namely 
PRI: AC'IOR has been adopted to implement the 
two stage planning. 1'RIA(' I'()R is a highly 
configurable finite capacity planning system, and 
utilises graphical user interfaces I'm ease of use and 
rapid access to information. It has modular 
structure of functionality, named PRI. A(' I OR 100, 
200,300 and APS, and among these PRI: A(`FOR 
300 and APS enable users to create their own 
scheduling rules using Visual Basic programming. 
In order to develop the two stage planning system, 
the functionality of the standard I'RI: A(' 1'OR 
software has been extensively enhanced to 
include 
custom scheduling routines, custom 
import and 
export scripts and specially 
designed user interlaces 
to support the real time planning of special 
operations. A simple schedule t<)r a ready-meal 
production facility generated in 1'RFACTOR 
is 
shown in Figure 5. 
rýNIL 9WS.. a--. 
Fig. 5. PREACTOR scheduling software screen 
capture 
4. CONCLUSION 
Food industry manufacturers face production 
conditions that 
demand the application of specialist 
tools, techniques and software owing to the nature 
of, and the volatile 
demand for, these products. 
This highlights a need tier increased use of IT tools, 
especially within small enterprises 
for etiective 
production in the 
face of: 
Large volumes and varieties of product 
" Relatively short production 
lead times 
he ii Saab reported in this paper considers ,º 
sector of products, namely convenience Baals ý%hrrc 
the product make-spans exceed the reaction linºrs 
that ntanuf'acturers are gi\en to meet these (1emands 
Ihis has led to a situation where munch ý\, ºstr IS 
generated through overproduction to ensure retailer 
orders are nmet. As a result it rca)0IISIVC demand 
management framework has been proposed which 
utilises a number of contemporary process 
modelling and nuºnufactIll ing planning tools to 
eliminate this wasteful o ertpn, cluctin. With the 
ever-increasing trend in \arirt. \ of rutºýrnience 
fi ods and the large productit, n Vc, luntc. Much are 
forecasted tu rapidly increase, the adoption of auch 
responsive demand ntanagenuent trºntr\wi, rk will ºu, t 
only provide significant financial benefit, but also 
support a sustainable approach it) food I)I-OdUC11011 
through reduction elimination of \% aste. 
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Appendix 5 
A RESPONSIVE DEMAND MANAGEMENT FRAMEWORK FOR 
THE MINIMISATION OF WASTE IN CONVENIENCE FOOD 
MANUFACTURE 
A5.1 Introduction 
The paper contained in this appendix has been accepted for publication by the International 
Journal of Computer Integrated Manufacturing and details the wastes created through 
convenience food manufacture and the application of the Responsive Demand Management 
(RDM) framework in reducing the impacts of these wastes. 
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A Responsive demand management framework for the 
minimisation of waste in convenience food manufacture 
R. DARLINGTON and S. RAHIMIFARD* 
Centre for Sustainable Manufacturing and Reuse /Recycling Technology (SMART), 
Loughborough University, UK 
Convenience food manufacture generates considerable waste through poor 
planning of production. This problem is particularly acute for products that 
have a very short shelf life and will be disposed of as waste should their shelf 
life expire. Chilled ready-meals are convenience foods with relatively short 
shelf lives and volatile consumer demands; their manufacture is based on 
forecasted volumes and when demand has been over-predicted, considerable 
wastes are created. This is referred to as OverProduction Waste which 
typically sees finished product disposed of through commercial waste 
channels due to lack of demand. The research reported in this paper has 
investigated the generation of a responsive demand management framework 
for the reduction of overproduction wastes. 
Keywords: Waste Minimisation; Reactive Planning; Food Manufacture 
1. Introduction 
The widely accepted principle behind sustainable development is "to meet the needs of 
today's generation without jeopardising the ability of future generations being able to 
provide for themselves". Environmental considerations are of the utmost importance in all 
aspects of life, and where production and manufacture are concerned it is clear that an 
environmentally responsible attitude in addition to economic acumen is necessary for 
businesses to remain profitable and sustainable in the future. One of the issues of 
environmentally conscious manufacturing is the minimisation of waste during the production 
stage. In food manufacture a significant proportion of this waste is due to the short shelf life 
of both the ingredients and products and is often generated as a result of overproduction to 
meet retailer demands. 
Convenience foods provide consumers with value-added products that save preparation time 
and are available in a range of formats from fresh to frozen snacks, meal accompaniments or 
even meal solutions. The research reported in this paper focused on chilled ready-meals 
which typically have a very short shelf life due to their fresh nature and are subject to large 
volatility in demand, in part due to consumer's tendency to purchase these products on 
impulse. The retailer's own label branded goods have the prominent market share, with the 
manufacture of these products usually being outsourced to independent manufacturers, 
several of whom may be subcontracted to provide the same product, to demanding 
specifications required by the retailer. In this sector, the retailers often hold significant 
buying power which influences their relationships with supplier manufacturers. In this 
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relationship, the retailers focus on minimising stock holding while fulfilling consumer 
demand which has led to a situation where late confirmation of order volumes is 
commonplace. This confirmation of the required volumes shortly before the products must 
be shipped presents several planning complexities for manufacturers and often results in 
creation of large amounts of overproduction waste. 
One of the major research objectives has been to develop a responsive framework to deal 
with volatile demands of products in this sector and to minimise the wastes as a result of 
overproduction based on unreliable forecasted values. The initial sections of the paper 
provide an overview of relevant research and legislation in this area and a waste model 
developed for convenience food manufacture. The main sections of the paper outline and 
illustrate through a case study the various stages within the Responsive Demand 
Management (RDM) framework which has been generated to minimise OverProduction 
Waste (OPW). 
2. Review of relevant legislation 
Concern with regard to the environment, and manufacturing's impact upon it, is such that 
improvement in environmental performance has not been left to the economic incentive of 
cost savings, but enforced through compliance with legislation. Such coercion has 
reportedly resulted in more effective means of business performance being adopted (Sarkis 
2001; Maxwell 2003). Material wastes created in food supply networks are largely either 
organic or resultant from packaging processes, with the food industry responsible for using 
over 50% of the total packaging output for the UK (Environment agency 2001). The 
European Union directives on packaging waste (Directive 94/62/EC 1994; Directive 
04/12/EC 2004), indicate the measures and targets that member states must implement with 
each target being periodically reviewed. The UK Packaging Regulations first introduced in 
1998 is based upon these directives and require companies handling greater than 50 tonnes 
of packaging to comply with the legislation and take responsibility for their `obligation' of 
packaging waste in order to reduce the environmental impact of such packaging waste. 
Fernie and Hart (2001) describe how this obligation gave the greater share of the 
responsibility to Retailers, with manufacturers required to recover only 9% of packaging. 
The actual recovery is often undertaken by third party reprocessors through compliance 
schemes. Other food industry wastes such as material wastes, those arising from processing 
or waste water and effluent are considered under the Integrated Pollution Prevention and 
Control (IPPC) directive 96/61/EC (1996), which is to be fully implemented by October 
2007. The IPPC measures were created to prevent, or at least reduce emissions to air, land 
and water from manufacturing activities whereby companies have to demonstrate that 
reasonable steps to reduce emissions to acceptable levels are being taken. 
An integrated Environmental Management System (EMS) has been described as a suitable 
response to legislation and regulations relating to a companies Environmental performance 
(Lillford 1997) allowing all activities to be managed and benchmarked against the 
companies EMS database. A family of International Standards referred to as ISO 14000 
provides the framework by which an EMS may be structured (ISO14001) considering 
auditing, monitoring, analysis and assessment including Life Cycle Assessment (LCA) 
whereby any potential environmental impacts across a products life are considered. The 
activity undertaken in an EMS has been compared to that of existing manufacturing 
management systems, such as Total Quality Management (Born 1995), while acknowledging 
the continuous improvement basis upon which EMS's are based as they develop with 
technological and political advancement (Gupta 1994; Borri 1995). 
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3. Waste Model for Convenience Food Supply 
Wastes are created in the food industry often through process incl'liciencics, Illannint", 
cO, rrlt)lcxities, Improper use of materials and sometimes simply li-onl not using the 
ingredients before spoilage. In most cases, 100(1 quality degrades with chemical changes and 
micro-organism growth over the time it is held until the shelf life expires and the fund 
hecoIl1CS unfit for consll111ptil)rl (I'egg 1999). Shell life is measured in (lays fiºr most 
convenience foods and can he the cause of consumer created wastes; retailer created waste 
from overstocked shelves; and lllllilutäcturer sutýtýlier wastes where both the finished product 
and their Ingredients have not been used in the delivery window. The shelf' life demands on 
the convenience food supply network means that products r, ºnnot el'l'ectively he made to 
, snick, creating planning 
diFficultics to meet the volatile demand. Wastes in l od industry 
may he generated through any stage of preparation, rllanuf icturr, supply or consumption as 
shown in Figure I; however the main focus fier this research has been the ( )verl'ruductiun 
Wastes which typically account for the biggest proportion of' the manufacturer's wastes 
constituting as much as 4O% of total cost of wastes. 
Several convenience Food manufacturers contributed to a series of' exploratory interviews 
used as the basis of the work in creating the waste model. IUl: FO representations (Dorador 
and Young 2000) have been utilised to model and demonstrate the relationships between each 
stage and the sources of particular types of' waste. The IDI: I O representation for the broad 
stages of food supply through a products life is shown in figure 2. The wastes identified 
across this representation are described in sections 3.1 - 3.5. 
Ingredient Manufacture UisIrihution V %c and 
Supph' and Retail 11iýpýrti: r1 
Material Wastes Production Wastes Per Duct V1astrsý Con. sumer Wastes 
Organic Material Processing 
Failure in Supph Plastic and 
" liuusckccping " Damage (n lo" 
Packaging 
" Losses grading "I Iý g icnc 
Trimmings " 
Process inherent "C ontamiIlatlon 
" IlanJling 
Plastic and 
Material . ýas(cs lit-Store disposal Shelf Life and 
Packaging " Defects " (hrrcaim: uc of 
`poilage% 
" hygiene " Ihiicne 
demand "O\ricaimulc 
Shelf Life expiry 
of rcyuircmcnt 
" I; "fl ndling 
OverProduclion 
Waste (OPW) 
" Late Notification 
" Plarn» ng Errors 
Figure 1, Waste Creation through life cycle of Convenience Food Supply 
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Figure 2, IDEFO representation of the Waste Model for convenience food supply 
3.1 Bulk organic wastes 
These wastes are associated with the preparation of ingredients and may include inedible 
parts of the ingredient, such as stems, leaves, bones, excess animal fat and contaminated 
materials, such as outer layers of vegetables that are spoiled. 
3.2 Water wastes 
Water is used in large quantities in food processing, predominantly in the preparation and 
cooking stages of the product's life cycle, as indicated in figure 2. Water may form an 
ingredient for many products, though it may be a waste described in this context as the water 
reclaimed at the end of the process either as a carrier for waste and contamination or a bi- 
product from cooking or processing operations. In addition, water and detergents are the 
primary method for cleaning machinery and facilities of food deposits and contaminants, and 
large volumes of fresh clean water are used daily for this process. The Environment Agency 
(2001) reports that the UK food and drink industry used 6600 Million litres per day in 
1997/98 accounting for around 10% of the non household public water supply and direct 
abstraction of water by primary industry. 
3.3 Processing wastes 
processing wastes may be created by a number of different sources, often resultant due to 
poor processes and housekeeping, process inherent losses or poor conformity. This could 
include spillages, damages and contamination of product caused by poor handling procedures 
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and operator neglect or poor processes, e. g. forming equipment making improper seals on 
packs etc. The creation of such wastes will largely result in waste product being spilt to the 
floor which will be disposed of as bulk organic wastes when the equipments and production 
areas are cleaned. Bi-products in this context are materials that are created by the 
manufacturing process but have little or no value and cannot be used elsewhere. They may 
be well anticipated in production such as estimated volumes of juices or animal fats created 
with product which are removed and disposed of to give the desired product quality or 
consistency. Wastes may be created at any time for any ingredient or product failing to 
adequately conform to specifications, with all final products being tested for quality, 
consistency, appearance, flavour and aroma etc. Rejected products may be final packaged 
products and be added to standard refuse waste or may be batches of sauces, meat or pasta for 
example that can be added to bulk organic wastes. 
3.4 Packaging wastes 
Packaging wastes are widespread in the food industry, due to the essential requirements for 
preventing contamination or spoilage of foods by their immediate environment. Packaging 
can vary from large paper sacks for ingredients to various plastic bags sheets and pouches 
depending on the product and packaging requirements. In some cases ingredients are 
packaged specifically for a processing operation and then have to be removed from that 
packaging for subsequent processing e. g. vacuum packaging of meats for cooking processes. 
The material properties and specific nature of the packaging used in each application are 
considered in conjunction with marketing, logistics issues and environmental concerns 
(Prendergast and Pitt 1996). Typically packing materials are all disposed of in similar manner 
to commercial waste disposal. 
3.5 OverProduction Wastes 
OverProduction Wastes constitute significant cost to the company as materials, energy and 
production capacity in manufacturing are wasted given that the product no-longer has an end 
customer. OPW may also be used to describe batches of ingredients that have been prepared 
before order confirmation decreases in volume and cannot be re-used before expiry. In such 
cases the ingredients will typically be scrapped to commercial waste and sent to landfill as 
many own label manufacturers cannot re-direct the product to different customers in keeping 
with their agreements with the retailers. It may be possible to reduce the impact both 
commercially and environmentally of OPW by the authorised extension of the products shelf 
life by a companies technical department for those products to be sold at cost prices, for 
example in the staff shop. Such practices are not always feasible and therefore the authors 
argue that a more structured route to reducing incidences of OPW must be sought. 
When considering where manufacturing wastes are generated we must first establish the 
manufacturing processes and production steps that must be undertaken to create each product. 
Ready-meals and convenience foods are varied in their form and format, and as such the 
processing of each product likewise varies. However, a typical generic process route has 
been presented in figure 3, and used as the basis for a more detailed waste model, 
encompassing activities common to most ready-meal products. It should be noted that figure 
3 details the activities identified in the manufacturing phase as outlined in figure 2. 
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Figure 3, An IDEFO representation of Waste Model for Production Processes in 
Convenience Food Manufacture 
4. Minimisation of Wastes due to Overproduction 
The Environment Agency and Envirowise (formerly the Environmental Technology Best 
practice Programme) in the UK have waste minimisation clubs, projects and guidelines 
demonstrating the scope for businesses to make substantial cost savings in making 
environmental improvement activities in their operations. This view of the economic 
incentive of waste reduction promotes companies to investigate the costs of the wastes they 
create and thus reduce those costs. The costs of bulk organic wastes as described in the waste 
model in section 3 are low, the mechanisms by which they are collected being their primary 
expense, and provided they are disposed of responsibly present little environmental hazard. 
For the convenience foods considered in this research, volumes of bulk organic waste 
represented a small proportion of both the costs and volumes of wastes created. However 
OpW typically constitute over 40% of the costs of wastes and accounts for at least 20% and 
as much as 50% of the volume of waste. 
One of the major reasons for the generation of OPW is that in these applications production 
volumes are often based on forecasted values as the adoption of a Make-To-Order approach 
is not feasible due to the required order lead-times being significantly shorter than the 
manufacturing lead-time of the product. As mentioned earlier this is often caused by the late 
confirmation of the required order volumes by the Retailers. This presents a substantial 
challenge to production planning, where overproduction results in significant waste and to 
the detriment of the company's profitability. In order to effectively reduce the amounts of 
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()('W and promote greater manufacturing sustainahility. the fäctuis influencing and 
aggravating these planning issues must he i(lcntilied and careFuliv considered. I lie research 
reported in this paper has identitied three main nºethods Of redIucini tlºe inºpact trunº tlºee 
impact of long manutäcturing lead-time versus short ºorder lead-tinie: 
I. educe manufacturing lead-time through imhro1. 'cd1 product ion fprucc`srs in(1 technology 
2. Increase order lead-times through more cf'ti: ctive manat: cnlcnt of'supply clm, iin , ictiv itics 
3. Utilisation of an intelligent reactive production planning approach 
Based on these, a framework for Responsive [)ennand Management (RIM) has been 
proposed which aims to reduce the Overproduction Waste. This tiramework utilises ,º 
number of contemporary modelling and analysis techniques, such as simulation and Value 
Stream Mapping, to achieve its objectives. Figure 4 depicts the major goal of the RI)MM 
framework which is to minimise the overlap between the manutäcturing lead-time and order 
lead-tine (Darlington and Rahimitärd 2004). 
Manufacturing 1-cad-time 
Order Lead-time 
Order Start of I)uc Date I imr 
Placement Production 
a) Representation of Make-To-Order rnat)ut teture 
Manufacturing lead-time 
Order lcad-linie 
Start of Order I )uc I ); ilr I tine 
Production Placement 
h) Representation of current manutitcturc of conv enience toods 
p Manufacturing Lead-tinme 
Order Lead-time 
Start of Order UuL" I ); tte I rote 
Production Placement 
c) Research goal to minimise make-span and maximise Reaction Time 
Figure 4, Relationships between Manufacturing lead-time and Order lead-tine for Food 
Industry Manufacture 
In some cases, the reduction of manufacturing lead-tine and increase of order lead-tinte 
could result in a Makc-To-Order approach 
being feasible (i. e. order lead-tinme is longer than 
the manufacturing Iead-time). However in most applications the improvement of 
manufacturing lead-tine and order lead-tinme will still not enable a Make-to-Order approach 
to he adopted (i. e. the manufacturing lead-time is still longer than the required order lead- 
time). in these cases, a hybrid production planning approach based on the use of both static 
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and dynamic scheduling rules can be adopted to minimise the overproduction waste as 
outlined in the remaining sections of this paper. 
4.1 A Responsive Demand Management Framework for convenience food manufacture 
The RDM framework consists of three stages as outlined in figure 5, which are briefly 
described below and are further discussed and illustrated with the aid of a case study in the 
remaining sections of this paper. 
Wealth Check 
The review and analysis of the effectiveness and efficiencies of the manufacturing activities 
and associated supply chain processes forms the focus of the health-check to be carried out 
in the first stage of the RDM framework. Such a health-check aims to benchmark the fitness 
of both the material and information flows along with the company's environmental 
performance. 
RDM FRAMEWORK 
Health-check 1 
Manufacturer and Supply Network Data Production System Data 
Template- based data Process Modellira 
Value 
g Stream 
collection Mapping 
Production and Supply chain Improvement 2 
Product 
Process Production Process Supply Chain Supply Chain 
Resource Improvement Improvement Data Flows 
Layout Technology 
Modelling Decision 
Support 
Reactive Production Planning 3 
Forecast data Confirmed Retailer Orders 
Static Planning _ý_O Dynamic Planning 
Soft Schedule Hard Schedule 
Figure 5, Activities in RDM Framework for Waste Minimisation in convenience food 
manufacture 
The subsequent process modelling in this first stage provides a visualisation of the`currcnt 
state' of manufacturing and supply chain activities and is based on information collected 
through the health-check process. 
ii. Improvements to Production and Supply Chain Processes 
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This stage of the RDM framework examines the various existing production technologies 
and aims to identify inefficiencies or the use of more up-to-date techniques to reduce the 
overall required manufacturing lead-times of the product. In addition, analysis of the supply 
chain activities to identify opportunities for closer integration of information flows and 
greater availability of consumer demand data to the manufacturers and suppliers is 
undertaken. 
iii. Reactive Production Planning 
The final stage of the RDM framework adopts a hybrid planning method based on static 
scheduling of standard operations (i. e. operations that are common among many products 
and do not impart product identification, e. g. cleaning meats, cooking operations) and a real- 
time approach to the planning of special operations (i. e. operations that provide product 
identification e. g. adding specific sauce or packaging). 
5. Case Study 
The various stages of the RDM framework have been applied in a convenience food 
manufacturer which produces a range of fresh ready-meals for one of the major retailers in 
the UK, under the retailer's own brand. In the case of this particular food manufacturer, the 
order confirmations from these retailers are received within 24 hours of required delivery 
times. However the average manufacturing lead times are 36 hours and hence traditionally 
the production levels in this company has been based on forecasted values. As part of this 
research, the three stages of the RDM framework have been applied to identify possible 
improvements in production processes and supply chain activities to be able to adopt a 
Make-To-Order approach for production planning. In addition the Two Stage Planning 
approach has been implemented to be able to utilise a real-time planning of special 
operations, hence minimising the OverProduction Waste. These three stages are described 
below. 
5.1. Health Check and Process Modelling 
The process of health check for the company was based on completing a questionnaire 
through a set of interviews with key decision makers and providing feedback which serves to 
highlight the context to the current practices and inefficiencies that are in place. The sources 
of waste identified for the case study manufacturer were consistent with the stages of 
production as outlined in figure 3. The current state of manufacturing processes and supply 
chain activities were recreated utilising Value Stream Mapping (VSM) and based on 
information from the health check as illustrated in figure 6 (Hines and Rich 1997). In 
addition a considerable amount of data was not historically recorded by the company and 
hence had to be collected by means of observation of current production and material 
handling practices. 
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Figure 6, Value Stream Mapping (VSM) of case study product flows and communication 
channels 
The ability of Value Stream naps to highlight complexities ot*comnºunic, rtioll Channels, 
timings, methods and frequency of contact makes them a useful tool to identit the 
improvements in manufacturing and supply chain activities. The modelling ofthe 
information and physical flows related to products between production processes. through to 
finished goods store and distribution centres, highlighted a number ot'non-value adding 
processes. This provided an immediate benefit ti'r the company to tiOcus on a range of 
improvement initiatives targeted at these non-value adding processes and resulted in the 
investment by the company to integrate their MRP system with their Electronic Data 
Interchange used by the retailers. 
5.2 Production and Supphv Chain Improvement 
In order to improve the production lead-time within the company a systematic approach 
based on consideration of the product, processes, resources, and layouts was adopted. A 
number of contemporary optimisation techniques, as outlined in figure 7 were utilised to 
analyse and improve the product family groupings, the process set-ups. the range of 
resources and the layout with which they are positioned in the production system. `l'he 
company's production system is typified by `lluman Centred Manufacturing; System' and 
this provided the flexibility of utilising processes and personnel on alternative production 
lines to reduce bottlenecks and delays in manufacturing that contributed to a lengthening of 
production lead-times. 
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Figure 7, Improvement methods testing through Simulation Projects 
The analysis of production layouts in the company idcntitied a nunihcr of'potential methods 
for reduction of production lead-tine through re-grouping ofproduct families, processes, and 
their related resources. These potential optimisation scenarios were subjected to a what-if 
analysis through development ofa simulation model. 
The simulation model utilised for this project required a high degree of flexibility toi examine 
a large number of what-if scenarios related to these potential optimisation methods. 
SIMULS simulation software (Simul8 corporation 001), has been utilised tior this 
simulation project. The straightforward user interface and accessihilitvv of the visual 
simulator enabled significant number of simulation experiments to be carried out. Figure 8 
provides an animation of the simulation model of the company production system, in which 
nine filling lines were serviced by two elevators, each separately providing meat and sauce 
components to 9 filling lines. The simulation project was able to provide comparative data 
relating to ingredient queues due to elevator availability and breakdown with the analysis 
undertaken offline and without disruption to production. 
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Figure 8, Animation of Ready-meal materials handling improvement project built in 
SIMUL8 
In order to improve the order lead-time within the company a review of Supply Chain 
practices, data flow and communication streamlining and adopted technology and 
applications was undertaken. A number of contemporary Supply Chain Management 
techniques as outlined in figure 9 were utilised to identify potential improvements in supply 
chain activities with the retailer. This review indicated that the greatest improvement to he 
obtained by streamlining communication between the company and the retailers. This 
allows the timely use of consumer demand data, enabling manutücturers to respond more 
quickly to variability, and adjust Production volumes and plans appropriately. One of the 
most effective techniques for such communication streamlining is based on the adoption of 
e-commerce technologies which was considered by the company tier future development. 
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Figure 9, categorisation of tools and techniques for order lead-time improvement 
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In addition, the case study company took hart in a scheme inlplrnlentrd1 by the retiºiler in 
wllicll employees (planners) It-0111 ready-meal supplier manufacturers were placed at the 
retailer head offices to co-ordinate C011111111111catlolls and hells order placement. This has 
significantly improved order placement resulting in an increase in reaction time liar the 
manufacturers to fulfil retailer's demands. In addition, the utilisation of hii. di tech IT based 
tracking processes have been investigated till-ougll it two year trial within One ut the retailer's 
distribution centres. The early results from this trial indicated significant improvements can 
he achieved across supply chain replenishment through increased visibility of product 
requirement and availability. 
5.3 Reacti''c Production Planning 
'l'he activities described in the beginning of sections 5.1 and 5.2 resulted in significant 
improvements in manufacturing lead-time and order lead-tine. Iluwever these 
improvements have not enabled the company to adopt a Make-To-Order approach and 
although the volume of waste as a result of Overproduction was reduced due try better 
manufacturing and supply chain activities there was still a need tier a reactive production 
planning approach that can respond to the late changes in product demands. The final stage 
of the RDM Framework is based on the application of a two stage hybrid production 
planning approach, as outlined in figure 10. 
Retailer Orders 
Two Stage Planning 
Static Planning 
of Standard Operations 
(based on Forecast) 
i 
Analysis and 
Rebalancing tit' S. 
` 
Production levels 
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Data 
Production Facility 
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Production 
Schedule 
Figure 10, Outline cif tlhe Two stage Planning Approach 
In this Two Stage Planning (TSP) approach, operations are divided into two categories oI, 
standard and special operations. Standard operations are those which (1o not give the product 
identity and are shared among many products. Special operations are those that give identity 
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to a product. t he Irrain principle of the two stage planning is to use forecasts to plan for 
standard Operations in the first stage to generate a sole schedule, and then to utilise a dynamic 
(real time) approach for the planning of S1)CC1al operations in the second stage, when orders 
are confirmed. Thc cuntirmc(1 production levels will he used to rc-adjust the hatch sizes fier 
special operations to produce a hard schedule liºr the final work-plan based on confirnºcd 
orders. The PREACTOR software scheduling system (Prcactººr International 2002) was 
adopted in this case-study to implement the "I'SI' model. PRF. A('"l'OR is a highly 
configurable finite capacity planning system using graphical intcrf iccs for case of' use and 
rapid access to infornmation. The recent development in PRFA(' l OR Advanced Planning 
System (APS) based upon Static Material Control (SM(') and Dynamic Material Control 
(DMC), enabled the implementation of the 'I'SP model. A simple example of' a soll and a 
hard schedule developed fier a sub-set of' orders in the vatic-study company is depicted in 
[Figure 11. 
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Figure 11, Examples of Soft and Hard schedules in 1 RFACTOR 
SlwciiI 
OI'" raIiun%: 
14. ýýý, Arlo :r 
pmducl lanulý 
aic me Iudcd n 
lud Sc hcduk 
aficr ordcr 
. onfirm: n Ion 
.4 
In this example, the soft schedule contained a range of standard operations namely cleaning 
processes, preparation, cooking meat, etc. and the hard schedule mainly included the special 
operations in the assembly lines (e. g. adding sauces and packaging). The application of this 
hybrid planning approach enabled the company to significantly reduce their OPW through 
proactive consideration of common ingredient requirements and postponement of planning 
decisions for special operations until after order confirmation. 
6. Conclusions 
OpW presents a considerable source of waste for convenience food manufacturers in terms 
of both cost and volumes of physical wastes generated. The underlying causes of 
overproduction waste creation in food manufacture are due to the nature of products 
themselves and the supply chain relationship inefficiencies that creates a planning challenge 
that has traditionally been addressed by Over-Production tactics. Legislation raising the 
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Appendix 5 
profile of environmental considerations has led to best practice guidelines and 
recommendations for product and packaging designs and reactive waste management 
processes. The authors argue that long term environmental benefits are to be obtained 
through a proactive approach to waste minimisation by reconsidering entire production and 
supply systems. The research presented in this paper sets out to address convenience food 
planning challenges through the application of a Responsive Demand Management 
framework, which aims to apply contemporary techniques to improve manufacturing lead- 
time and order lead-time in addition to the use of hybrid planning to reduce wastes resulting 
from Over-Production. The continued drive to consumer service and on-shelf product 
availability pressures manufacturers to meet ever shorter order lead-times, which in the 
future will be a challenge to be met through efficient manufacturing, collaborative planning 
and effective supply. 
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